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OF 
My TEACHERS 
WILLIAM H. STEWART 
AND 


WILLIS F. MANGES 


PREFACE TO TWELFTH EDITION 


To keep the subject-matter of this book up to date and consistent with prevailing opinion, it has undergone 
its twelfth revision; older concepts have been corrected and newer material supplied. Subject matter has had 
to be condensed into more concise paragraphs wherever it can be done without loss of clearness. 

To serve this purpose to best advantage, the subject matter has been made very comprehensive in the past 
—far more than a student could or should attempt to master. The rarer, less important subject matter to the 
student is, therefore, printed in smaller type in order that it may be readily recognized and omitted by the 
instructor if desired. 

For the student this book will serve primarily as a basic outline for fundamental teaching but in addition 
as a source of concise radiological information concerning unusual conditions and diseases with which he 
comes in contact in his clinical work. The present day tendency in medical education to project clinical 
teaching into the earlier scholastic years has enhanced this need for more detailed clinical information. 
Confronted with a maze of new medical terms and diseases he must have a comprehensive text to which he 
can refer for guidance; mere basic essentials are not enough. In a similar manner this concise work will aid 
the general practitioner in directing x-ray examination for his patient and in evaluation of the radiological 
findings after they are reported by the radiologist. For the radiological resident it will serve as a guide for 
the more complete study of the literature, and for the practicing radiologist it may be found helpful in re- 
freshing his memory on points of differential diagnosis encountered in his busy practice. 

The illustrations accompanying the text are for the most part line drawings made directly from roentgen- 
ograms; there are, in addition, more than 500 half-tone illustrations of the various pathological conditions in 
order to acquaint the student with the appearance of actual roentgenograms. Subjects marked with an aster- 
isk (*) throughout the text are illustrated in the supplementary half-tone illustrations which accompany each 
chapter. Lists of questions have been inserted at the end of each chapter to aid the student in review. Ready 
reference index sheets at the beginning of each section should be found serviceable. References have been 
removed from the text and concentrated in sections at the end of each chapter of the book. 

Material utilized in this book has been gleaned from all available sources; no attempt has been made to 
give individual credit for old, fully established ideas; to do so would have converted the text into a lexicon of 
names, meaningless and confusing to the student; only in unusual instances where further study might be de- 
sired are references given. 

The method of presentation of bone infections and the scheme of analysis of bone pathology are essentially 
similar to those utilized by Wm. H. Stewart. The outline for the x-ray analysis of malignancy of bone, ob- 
tained from him also, has been further modified to conform to the classification of bone tumors, formulated 
by the Registry of Bone Sarcoma of the American College of Surgeons, and by other pathologists. The sec- 
tions on mastoid and sinus pathology, as well as those portions dealing with foreign bodies in the lungs, re- 
flect impressions of the original teaching of Willis F. Manges. Where material or illustrations from other 
publications have been utilized, direct acknowledgment is made in the text. 

The Atlas of Miniature Roentgenograms, consisting of 2-1/2"' x 4-1/4" sized miniature film reproductions 
from 4,000 selected roentgenograms has been compiled to accompany the “ Principles of Roentgenological In- 
terpretation” as a supplementary method of teaching and study, throughout all basic sections on roentgenology. 
These may readily be converted into lantern slides for teaching and are available in boxes of 50 from the 
Miniature Film Company, 55 Berrywood Drive, Glendale, Missouri. 

I am deeply indebted to Dr. Ralph Kinsella, Professor Emeritus; Drs. G. O. Broun and Ray Muether, Pro- 
fessors of Medicine; to Dr. C. R. Hanlon, Professor of Surgery, and Dr. Henry Pinkerton, Professor of 
Pathology of St. Louis University of Medicine, for reviewing the medical, surgical and pathological aspects of 
this book, and to Dr. R. M. O’Brien, Professor of Orthopedic Surgery and Dr. R. E. Funsch, Senior Instructor 
of St. Louis University School of Medicine, for reviewing the section on bone diseases; Dr. H. H. Kramolowsky, 
Associated Professor of Clinical Urology, and Dr. W. F. Melick, Professor of Urology, have kindly reviewed 
the section on urology. I am likewise indebted to Dr. Harry Fischer, Associate Professor of Radiology, State 
University of Iowa College of Medicine, for his assistance in revision of this edition, especially the sections 
on congenital heart disease and radioactive isotopes; to Dr. Mary Lou Thomasson for making the circulation 
diagrams in congenital heart disease, and to Mr. P. A. Conrath for the new diagrammatic illustrations used in 
the text. 

I wish also to express my appreciation to the personnel of Edwards Brothers, Incorporated for their infi- 
nite care and interest in the compilation of this book. 

Arrangements have likewise been made with Dr. Harry Fischer for carrying out all future revisions of 
this book. 

L. R. Sante 
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PART I 


BONE PATHOLOGY 
(and Associated Pathology of the Adjacent Soft Tissues) 


TRAUMA 
A. Fractures (Chapter I) 
B. Dislocations (Chapter I) 
C. Epiphyses and epiphyseal separations (Chapter ITI) 
D. Other effects of trauma (Chapter IV) 
1. from injury to the blood supply 
a) of cancellous bone structure 
1) Traumatic osteitis of carpal bones--Kienbock disease 
2) Cystic degeneration of scaphoid (navicular)--Preiser’s disease 
3) Spondylitis traumatica tarda--Kummell’s disease 
4) Radiation osteitis 
5) Burns (electrical), sequestration from 
b) of the subchondral region of a joint 
1) Osteochondritis dissecans 
2) Deforming osteochondritis of the metatarso-phalangeal joints--Freiberg’s infraction 
3) Osseus changes in varicose leg ulcer 
c) of the metaphyseal area 
1) Femoral osteochondritis of adolescence--slipped epiphysis--epiphyseolysis 
2) Caisson disease--aseptic bone marrow necrosis 
2. from injury to nerve supply 
a) Sympathetic nerve involvement 
1) Post-traumatic acute bone atrophy--Sudeck’s atrophy 
2) Coxa magna 
b. Nerve Trunks--pressure 
1) Scalenus anticus muscle syndrome 
3. from deficiency in strength of bone 
Fatigue fractures 
1) March fracture 
2) Following roentgen therapy 
4. from injury to the adjacent soft parts; with calcareous deposits frequently associated 
a) Bursae--especially of 
1) Subdeltoid 
2) Patellar 
b) Tendons and ligaments 
1) Tearing associated with fracture or dislocation 
2) Supraspinatus tendon 
3) Traumatic calcification of ligaments 


4) Collateral tibial ligament--Pellegrini-Stieda disease 
c) Connective tissue 


1) Phleboliths 
2) Ehlers-Danlos syndrome 
3) Hematoma--especially of thigh 
d) Muscles 
1) Myositis ossificans 
e) Bone marrow 
1) Caisson disease 
2) Aseptic infarcts 
Without associated calcareous deposits 
a) Cartilaginous structures 
1) Separation of semilunar cartilage of knee-- (see dislocations) 
2) Displacement of intervertebral disc--(see myelography) 
3) Gas or vacuum space within the joint 
4) Baker’s cyst 
b) Fat pads of joints 
1) Lipohemoarthrosis of knee 
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cA frachire may he Seftned asa break in the: 
continuity of the bone. EE is manifested 
genogr ani | ance in the normal texture. Of 






sionally fractures are not visualized on the Sati 
Yadiographic examination, This is particularly — 
true in fractures of the carpal scaphaid where = 


upon occasion, the fracture will not be denionstrated ace ee 


until 10 to 14 days have passed, and there has been — 





zone, the: wu etion offered by the bon 





at our dispoasl for the detection of injuries to the 
Dones. While manual examination is sometimes of 
great value, it subjects. the. patient ta madue. trauma 





and pain and cannot be expected to yield the same in- 
formation obtainable by roentgenclogical examination. 
Since a roentgenogram is Yeally a record of the den~ — 
sities traversed by the x-rays, dn oe plane. only, it . 


obvious that at feast two views af rt 

other must be made routinely in ceaniaation ot ali 
fractures, Where two views at right angles to each 
other are not obtainable, recourse may. he had te” 
stereascopic examination of the 
tions: { Has been found advisable to supplement the. 








ordinary. positions with other special. examinations. ee 
These have been described in detail In the Manual of. - : i 
# a Poaitiona. : 






. Roentgenviogical Technique under: &t: 
The detection of a fracture is. or ‘ily very - 
simple; occasionally, however, a fracture lke. may 


be so fine that it requires the keenest perception for 4 


its detection; in any event, it is always advisable to 


_ Ihake use of a magnifying lena for. more detailed ex = 


amination oi the fine bony structure. 

- Fractures of the long bones may be comple 
or incamplete: Ancomplete fractures: are greenstick 
or torus or may be impacted. ‘Complete fractures - 
may be linear, transyetse, oblique, spiral, longi- 
tudinal or stellate and are further identified by de~: = 


riding, ees: 


Greenstick iractives are thoae in which thes - a 
cortex is ruptured oti one side only, ihe ther side | 
remaining Intact. “They are very. fares: Ta frac- | 


tures are those in which there ie folding 
but not a definite break. wat fre 





in cancellous bone of children. te oerene any dis- | 
placement of the bony fragments, the tlisplacement of ‘ 
the distal fragment | is always indicated euch digs- =f 


placement may be: anterior, posterior, medial, or 
“lateral. In special locations other: terns: fiay-be 





sal” or “plantar,” etc. /Reapalation of the Seen 


le roent~ ape Of the af 
ot: . | gulation,” ete. 
the bane and by. # ‘break in the periosteal line. ‘Oeca- bby. overriding or overlapping of the fragments must 
| be indicated, and its amount estimated. Any atate- =~ 
of aents ag-to the amnourit of shortening or the degree of -- -_ 
. | angulation mwat be merely estimates, made with a qo 
4 ding of the variations produced by distortion aoe 
| pat: the image (Klinefelter). Lastly, if the fracture oc- : Soe. 
_Bome. absorption at the fracture line. th the fracture i ours. near a joint or other important. atracture, BAY oS 
“involvement of the joint surface by the fracture dine 
toast be indicated, since this may influence the meth- Se 
-od-of treatment-and the ultimate outcome of the case; ear 3 
| Wractore reports therefore should be concise but 0 
| should always adequately cover the essentla. 


ny atructoré: is up 
removed and the x-rays have {reer access tothe : 
film, producing a darker zone. “Roentgenological ex St 
amination is generally conceded to be the hest SCARS : 





aS necessary. for a clear understandir eu 

| present, as for exampie: “There is a pimcilahaieaae ast 
verse fracture of the right femur in the lowerone-9 

third with posterior diaplacement of the distal frag- Sy 

Ment and about one-inch overriding. ‘The. lower - , 

_ epiphyseal structures are not involved.” ie 

vate ANY disturbance in normal relationship, ‘Gecant: ee 

ES about by fracture or deformity from disease, will res Rises 

in - gult in more or leas impairment of function of the 

3 Pe Proper treatment of fractures consistsInte¢- 

ope ognitian, reduztion, immobilization, and the pualnte~ Pe i 

fp mance of adeq = 

o| period of time to allow union to occu. 0 


in reany. ae 


1. systems of lining, + 


arts: ‘in the. foot “dor- | 





‘ 4 je always. des ignated by the direction taken by the 
as “dorsal angulation, ® “medial an es 





ay y abortaning ‘of the bone indicated” 
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wate immobilization. for a suificient 





‘The normal position of the bones sor ee 


function of the various joints: will be designated by —- ae ay 
te 3 der the consideration of frac- PT ety a 
| tures of the various: paris. Many contributions to. - 
_ thia field have been made by Skinner, George, Cham-" 
: | Dee Boshler and others... Jobmson advocates the ~~ _ 
| actual measurement of deviation, of there: anes, from: pe 
| normal and incorporation in eve ey 

| While theae systema of lining will determine largely oats 
: -whak constitutes good position of a fracture in any 
- | given location, still there are certain other funda- 
-- 7 ental considerations which must be discussed in 
aE relationship to fractures in general. 
scriptive terms such | a8 angulated, displaced, overs LE Ss 
pa ments, ‘the most important single factor seema to be 
. that relatively large, freshly broken, bony surfaced © > 
be. maintained in apposition. with each other, Incer- 9° ~ 
| : ances. 3 tent: {a ‘thainta tied bytrac-<. es 
Hs tion, a this is too. great, so that there. is separation of © 

. the broken ends of the bone, union may be delayed or 
may be entirely inhibited: to be effective therefore, ~ 
 -thefractured bony edges shonid be: in clase apposition. 
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usually takes place with firm union; the greatest quan- 
tity of new bone formation is in the location of great- 
est defect in the alignment; the least new bone forma- 
tion is on the side of least defect, so that there is a 
tendency thereby to reestablish the normal alignment 
of the bone. In time, the medullary canal may be re- 
formed even where the fragments have been grossly 
displaced. 

This is in accordance with Wolff’s Law that 
change in mechanical stress and strain to which a 
bone is subjected is followed by change in the struc- 
ture of the bone to conform to the demand made upon 
it. 

AS a general rule, the younger the individual, 
the greater is the likelihood of firm, bony union and 
the greater the tendency to straighten out deformities 
and reestablish the normal relationship. In young in- 
fants this tendency is so great that if there is side-to- 
side touching of the fragments, firm bony union will 
take place, and often the medullary canal will be ulti- 
mately reestablished. The younger the individual the 
more rapidly new bone forms; in young infants new 
bone formation may be manifested by periosteal pro- 
liferation within five days after an injury, whereas in 
adults it usually requires from two to three weeks 
before there is any evidence of new bone formation. 

The skeleton, both in childhood and adult life is 
an active dynamic structure as opposed to the previ- 
ously considered concept that it is an inert structure. 
Bone activity is constantly occurring (Rubin, et al). 
The maintenance of healthy strong viable robust bone 
depends in large measure upon the continued use and 
function of the part. It also depends to a certain ex- 
tent upon metabolic needs and conditions in the body, 
as for instance, post menopausal osteoporosis. Dis- 
use of a part, either associated first with a fracture 
or due to some paralytic disorder or other causes, 
produces bone atrophy in which there is actual di- 
minution in the volume and bulk of a bone due to ab- 
sorption of bone substance, both calcified and matrix. 
This is known as osteoporosis. Osteomalacia means 
a relative demineralization of a normal volume of 
bone matrix. Clinically the two conditions are indis- 
tinguishable, but histologically there is a great dif- 
ference between them. Osteomalacic or osteoporotic 
bones heal poorly, as would be expected because of 
poor vitality of the part. 

Nonunion of fractures occurs despite the most 
optimum-appearing circumstances. Ordinarily 
speaking, nonunion is due to one of several factors: 
failure to obtain reduction; inadequate immobilization 
(with references to both time and to absolute protec- 
tion); the presence of soft parts between the bone ends; 
the presence of infection; circulatory disturbances in 
one or both of the fractured fragments; finally certain 
general debilitative conditions wherein the body as a 
unit does not have adequate vitality or resources to 
permit or stimulate the healing of the fracture. 

Fractures of the long bones heal by two proc- 
esses. Periosteal and endosteal proliferation. The 
periosteal union results from proliferation of the 
cambium layer of the periosteum which is the primi- 
tive cellular layer on the underside of the periosteum. 
Endosteal bone formation occurs by a metamorphosis 


of the endosteal callus within the medullary cavity of 
the bone. This process is widely documented in text 
books of fractures, histology, etc., but in general can 
be said to consist of the following steps: a) develop- 
ment of a hematoma; b) organization of the hematoma 
and invasion by fibrous tissue and capillaries; 

c) phagocytosis of the debris, invasion or appearance 
of osteoblasts; change in the pH to a more acid media; 
d) organization of the clot into a pre-bone matrix (os- 
teoid tissue); and e) final calcification and matura- 
tion of the osteoid tissue. It will be noted that this is 
a biochemical phenomenon which occurs in a suitable 
environment on a previously prepared cellular net- 
work. Bone healing occurs fairly rapidly for the most 
part and most fractures of the long bones have united 
within several months. Maturation of the callus will 
then continue over a period of several years, and oc- 
casionally with the passage of additional time a pre- 
viously fractured bone will resume normal alignment 
and the fracture can no longer be identified. 

Inthe past, fluoroscopic control of reduction 
played a major role in the treatment of fractures. 
With the advent of modern orthopaedic surgery, 
wherein most fractures are handled by a relatively 
few physicians who are highly skilled ‘in this field, 
the use of fluoroscopy for this purpose is gradually 
being abandoned. 

A good orthopaedic table, although not essential, 
is highly desirable, (Figs. Ato F). Such a table 
should provide convenient methods for traction on the 
extremities without interference with x-ray examina- 
tion in two planes at right angles to each other. X-ray 
apparatus best suited to this purpose is two shock- 
proofed x-ray units, to be operated independently, for 
securing such views. 

Use of continuous fluoroscopy in setting fractures 
is rapidly being abandoned however, because of the 
danger of excessive x-ray exposure and is being re- 
placed by multiple flash fluoroscopic or radiographic 
examinations. Occasionally, however, added informa- 
tion may be obtained in bone detail by a special means 
of examination known as Tomography (Fargerborg). 
This is a technical method of radiographic examina- 
tion whereby layers of tissue from a few millimeters 
to a centimeter in thickness can be shown with detail, 
at various depths by blurring out the images above 
and below that depth (See p. 33 also, “Technique of 
Examination,” in Manual of Roentgenologic Technique.) 

Even radiographic examination as a routine meas- 
ure is not without danger to the operator and patient 
alike, and before such methods are undertaken, the 
operator must familiarize himself thoroughly with all 
aspects of this method, (see Chapter on X-ray Pro- 
tection in the Manual of Roentgenological Technique). 

After reduction the fragments must be main- 
tained in proper position. Wood is a good splinting 
material, since it is easily pervious to the passage of 
X-rays and causes little if any interference with the 
detail of the fine bony structure. Large amounts of ad- 
hesive plaster, especially when wrinkled or rolled, may 
interfere with bony detail. Salves or ointments with 
metallic bases sometimes cast very troublesome 
shadows over the bones. Metal splints even when 
constructed of aluminum--may cause considerable 
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: enforcement of plaster ‘casts ‘should be ‘avoided : ca wore widespread, The treatment Of: fractures: — te a 

wherever possible.’ ‘Plaster ob ‘Paris, ‘when ary, pro- ~ oe emerged. from the: old. school io the present: operative © fois 
duces little hindrance ‘to. the. ‘passage | of KALBA R eS a = | aggressive: approach with the advent of general sur-" 3 

. “Phe eoadition of ihe fracture and the: position of © “gical refinements and particularly with the introduc= aaa 

; the fragments should be checked upeak weekly: or bie | ton of the various antibiotics. The newer mathods. af 
weekly intervals by further way. examination ta: be ise , = treatment are in general: well understr od. Open re 
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5A PRINCIPLES OF ROENTGENOLOGICAL TECHNIQUE 


BODY SECTION ROENTGENOGRAPHY, TOMOGRAPHY, LAMINAGRAPHY 


Body section roentgenography (Tomography or 
Laminagraphy), is the method by which thin layers of 
tissue may be examined roentgenographically at 
various depths without confusion of the superimposed 
parts either above or below, (Fig. G). This method 
of examination is, of course of great value in many 
other conditions besides fractures (See Manual of 
Roentgenological Technique). 
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G. All drawings and descriptions illustrating this 
principle are reproduced by courtesy of the General 
Electric X-Ray Corp. 


If an x-ray tube mounted on one end of a rod is 
centered to an x-ray film mounted securely on the 
other end, then the rod may be revolved or oscillated 
about any fixed point without disturbing the centering 
of the tube to the film. If any stationary object to be 
roentgenographed is interposed between the tube and 
the film, then the structures at the level of the point 
of oscillation will not change in relationship to the 
tube and film and will be clearly shown in the roent- 
genogram; all other structures will constantly change 
in their relationship to the tube and film and will be 
blurred. Now, if by a mechanical device it is possi- 
ble to make the tube and film glide along horizontally 
in fixed planes at their respective levels, the shadows 
cast by every point in a thin layer of tissue of any 
object interposed exactly in the place of oscillation 
between the tube and the film will remain clear and 
all other points will be blurred. 

The effect is similar to that produced in roent- 
genographic examination of the dorsal spine with 
exaggerated respiratory movements to blur the back- 
ground. It will be seen from Fig. H that, “there 
actually is no motion occurring at the fulcrum level 
(F), the section to be radiographed. For all positions 
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Fig. H 


of the tube during its travel (T-1, T-2 and T-3), the 
projection of the fulcrum level (F,) falls at exactly 
the same point on the film. Blurring due to motion 
therefore does not result. 

Points A and B of the illustration indicate planes 
that are above and below the fulcrum level within the 
subject to be radiographed. In movement of the tube 
and film during an exposure their projections (A-1 
and B-1) are displaced from one end of the film to 
the other. Thus, at the start of the film excursion, 
point A in the subject is projected (A-1) to the right 
of the film; point B is projected (B-1) to the left. 
However, as the end of the excursion is reached, they 
are being projected to the opposite ends of the film. 
This displacement causes blurring of these areas. 

It is evident that there would be less blurring of 
Points A and B if they were close to the fulcrum 
level since the amount of motion and displacement 
would then be reduced. Likewise, moving them 
farther from the fulcrum level would increase the 
amount of motion and displacement and consequently 
the degree of blurring on the radiograph. Although 
the fulcrum level would theoretically be the only 
level of sharpness, there will be areas above and 
below it where gradations of sharpness can be seen. 
These gradations actually lend depth to the radiogra- 
phy. 

Body-section radiography thus makes visible a 
plane or layer of body structures that in conventional 
radiography would be complicated by the super- 
imposition of structures lying above or below it. 


THICKNESS OF SECTION 


Any thickness of structures can be demonstrated 
by body-section radiography, within the limits of the 
apparatus. However, a thin section will show better 
detail than a thick one. This is self-evident from the 
foregoing discussion. 

There are two controlling factors in establishing 
how thick a section will be demonstrated on the film. 
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The first of these is amplitude, the amount of x-ray 
tube travel. If the x-ray tube travels 20 inches dur- 
ing an exposure, it has an amplitude of 20 inches. 
As shown in Fig. I-1 relatively short amplitude will 
produce a thick section because motion above and 
below the fulcrum point is at a minimum and little 
blurring occurs. Contrasted with this is Fig. I-2 in 
which amplitude has been increased and in which a 
thinner section results because of the increase in 
motion above and below the fulcrum level causing 
blurring closer to the fulcrum level. 
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Fig. I-1 


Fig. I-2 


The second factor in controlling thickness of sec- 
tion is target-film distance. For any given amplitude, 
the shorter the target-film distance the thinner the 
section will be, because there is a greater area of 
motion and more blurring takes place in the planes 
above and below the fulcrum level. Conversely, the 
greater the target-film distance the thicker the sec- 
tion will be; Figs. J-1 and J-2 illustrate this. 

Thus, considering the two factors together, it is 
readily apparent that the thinnest possible section 
will be obtained at the shortest target-film distance 
and the greatest amplitude. The thickest possible 
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section will be obtained at the greatest target-film 
distance and the shortest amplitude. 

Multisection intensifying screen books, to ac- 
commodate 3 to 7 films have been provided by the 
Dupont Co. for body section examination. Such multi- 
section screen books consist of several pairs of 
special screens which produce equal densities on 
several screens—exposed at one time. The screens 
are separated by sheets of radiolucent isocyanate 
foam. The distance between the films (thickness of 
the separations) determine the distance between the 
layers of anatomy recorded on the radiographs. 

Auer Simultan—Multisection-Cassettes equipped 
with new Auer X-ray intensifying screens makes a 
very satisfactory combination (Physicians Technical 
Equipment Co., 1519 West North Avenue, Milwaukee, 
Wisc.) Stationary wafer grids are available for 
limited fields. 

This method of examination may be exceptionally 
useful for the detection and evaluation of fractures in 
thin bones such as the sternum or ribs where they 
are superimposed by bulky body tissues. 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 


FRACTURES OF HAND PHALANGES. Frac- 
tures of the phalanges are usually crushing fractures 
or chip fractures of the joint margins. Crushing 
fractures (A) usually require no special treatment 
other than immobilization and rest for complete re- 
covery. Where there is a tendency to overriding, 
traction with rubber bands on a board or banjo splint 
may be necessary. When joint is involved early ac- 
tive motion is necessary. 

Chip fractures of the joint margins (B) and 
comminution (C) are most often acquired by a blow 
on the end of the finger, as in playing baseball or 
crushing injury. The fact that they involve the joint 
increases the likelihood of resulting deformity and 
also of nonunion of the fragments. Early active mo- 
tion is advisable. These fractures often produce 
lasting disability, (Gillespie). Fracture of the prox- 
imal end of the metacarpal for the thumb associated 
with dislocation is known as Bennett’s fracture. It 
requires traction to maintain the reduction success- 
fully. See page 41 for discussion. Fractures of the 
phalanges in general, are relatively slow to show 
new bone formation. 

Mallet finger is the name given to the injury of 
avulsion of the extensor tendon of a finger from the 
dorsal surface of the proximal end of a distal 
phalanx. The tendon alone may be avulsed, or a 


fragment of bone is pulled off with it, or in children 
the epiphysis at the base of the phalanx may accom- 
pany the tendon’s insertion. Treatment is accom- 
plished by immobilization of the finger with the distal 
joint hyperextended, while the proximal joint is to 
relax the pull of the extensor tendon. 


METACARPAL BONES. Fractures of the 
metacarpal bones result most frequently from strik- 
ing a blow with the fist; the force applied to the ends 
of the metacarpal bones, if sufficiently strong, will 
cause fracture of one or more of the metacarpal 
bones with buckling and dorsal angulation. The site 
of fracture is usually near the distal end of the bone. 
In some cases bandaging the hand around a ball or 
bandage roll may serve well to immobilize the frag- 
ments; in others a straight board splint will serve 
the purpose better. In metacarpal fractures the de- 
gree of rotation is an important factor. New bone 
formation occurs early and is prolific unless a joint 
is involved. 


FRACTURE OF SESAMOID BONES. Fractures 
of sesamoid bones are very rare, but they do occur 
occasionally. They are of no particular importance 
but may be painful until the fragments are rounded 
off, (Jellinger). 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 


A. Fracture Scaphoid without Displacement. B. Fracture Scaphoid with Displacement. 
Fig. 3 


Failure to demonstrate a fracture line at time 


of injury does not exclude a scaphoid fracture. If 
strong suspicion of fracture remains after initial 
examination is considered negative, the wrist should 
be re-x-rayed in one to two weeks. Bone resorption 
about the fracture line will make a previously unde- 
tected fracture then visible. 

Fracture of the scaphoid is occasionally asso- 
ciated with dislocation of the semilunar bone. Both 
the scaphoid and semilunar bones enter into the 
radiocarpal joint; when the semilunar is dislocated 
palmarward from the radius, the scaphoid tends to 

A follow, but because of its firm attachment to the dis- 
tal row of carpal bones it cannot, and fracture of the 
A scaphoid results. Fractures of this bone may be com- 
4 


pletely through the waist from one joint surface to the 
other, without displacement of the fragments (A); or 
this same type of fracture may be through the proxi- 
mal pole associated with palmar displacement of the 
medial fragment (B); or there may be simple fracture 
of the tuberosity of the bone (C), or fracture of the 
capitate with 180 rotation (D). (See Fig. 41B, p.42). 
Where there is no material displacement of frag- 
ments, union usually occurs promptly. 

Interference with the blood supply of one of the 
fragments becomes evident by the failure of the frag- 
ment to undergo osteoporosis from disuse resulting 

FRACTURE CARPAL BONES.* The Scaphoid in a chalky appearance of the avascular fragment. 
(navicular) is the bone most frequently fractured in Revascularization, however, takes place after a pro- 
the carpus. longed period and the bony structure is restored to 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition 
will be found in the pictorial supplement at the end of the chapter. 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 


A,. Impacted Colles’ Fracture. 





Az. Lateral View Showing Characteristic Displacement. Bo. 
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B,. Colles’ Fracture after Reduction. 


XY 


Lateral View Normal Position. 


Fig. 4 


normal. Where there is displacement of one of the 
fragments, however, reduction may be impossible and 
ultimate removal of the displaced fragment may be 
necessary. Fairly good functional results may result 
even though a fragment of bone is absent. Since the 
joint surfaces are involved--early active motion is 
the rule in treatment. Fracture of the tuberosity of 
the bone usually requires no special treatment; it 
does not involve the joint surface and healing takes 
place without disability. Fractures of the other 
carpal bones do occur, but these are usually chip 
fractures, and present no unusual problem. Non- 
union may require fixation of the fragments by a 
small bone peg. (See relationship to Colles’ frac- 
ture, p. 10.) 

Attention has been called by March and 
Lampros to an unusual fracture of the wrist fracture 
in which force, applied to the waist of the navicular 
bone, across the styloid of the radius, may result in 
fracture of the navicular and, as the force is trans- 
mitted to the capitate, a fracture of the rounded end 
of that bone, with 180° rotation of the fragment of 
that bone and its firm lodgement in this faulty posi- 
tion. By such complete rotation its blood supply is 
cut off and it will lose its vitality anddie. Early recog- 
nition of this fact should result in its early removal, 
thus hastening and facilitating its healing, (Fig. 3D). 


FRACTURE--WRIST.* At the wrist joint, the 
fracture of the lower end of the radius is probably 
the most frequent fracture of any bone in the body. 


A Colles’ fracture is a fracture of the distal one 
and one-half inch of the radius; there is frequently an 
associated fracture of the tip of the styloid process of 
the ulna, and the fracture is usually accompanied by a 
characteristic “silver fork” deformity. The fracture 
is produced by force applied to the extended hand 
which results in dorsal displacement of the distal 
fragment of the fracture and tilting backward of the 
articular surface of the radius. For proper reduction 
of a Colles’ fracture the normal relationship of the 
bones must be restored at the wrist joint. If an im- 
paction is present it must be broken up and the de- 
formity corrected. The correction of this disturbed 
relationship is very necessary for complete recovery 
of function. 

There are three components in the satisfactory 
reduction: 

1. To prevent shortening 

2. To avoid displacement 

3. To preserve the normal angle of the joint. 

The normal relationship of the bones of the 
wrist joint may be schematically represented by 
two systems of lining. 


First (B,). 

In the palmar view, a line is drawn down the 
middle of the shaft of the radius to get a clear con- 
ception of its normal axis. A second line drawn per- 
pendicular to this, at the level of the tip of the styloid 
process of the radius should project downward fully 
one-half to three-quarters of an inch lower than the 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 


’. 


A. Fracture Both Bones Forearm. 
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Fig. 5B. Angulated Position for Reduction. 


FOREARM FRACTURE. Fractures of the 
forearm may be either incomplete or complete, 
of one or both bones. Incomplete fractures occur 
most frequently in children due to the softer 
character of the bones. These may be of the 
“greenstick” type, where the bone is completely 
fractured through one side and the cortex is still 
intact on the opposite side. These fractures are 
undoubtedly much rarer than we formerly sup- 
posed. Such fractures often require completion 
of the fracture before proper replacement of the 
fragments can be effected. Another type of in- 
complete fracture which occurs in children is 





CA 


C. After Reduction. 


Fig. 5 


the “torus” or folding fracture, Fig. 4C, which 

is due to compression of the soft cancellous bone, 
and is characterized roentgenologically by a 
“bulge” in the cortical outline without actual break 
in the continuity. Obviously recovery from such 
fractures is prompt with simple immobilization-- 
they do not need any corrective manipulation un- 
less they result in pronounced disturbance of the 
normal relationship of the bones. Two to three 
weeks is ordinarily sufficient time for healing of 
such fractures. 


Complete fractures of both bones of the 
torearm (A) may be very difficult to replace in 
proper position. Angulation to increase the de- 
formity with traction is used to reduce the frag- 
ture (B). If the bones can be maintained with 1/3 
to 1/2 of the fractured surfaces in apposition and 
the alignment is good this should be satisfactory for 
a good functional result (C). One precaution which 
must be observed in fractures of the forearm is that 
the interosseous space is not encroached upon; en- 
croachment upon this space will result in limitation 
of pronation and supination. About six to eight 
weeks is ordinarily required for healing of frac- 
tures in this location, in children; longer periods 
are required for adults. 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 
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A. Linear Fracture Head of Radius. 
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B. Fracture Neck of Radius. 


Fig. 6 


FRACTURES--ELBOW--RADIUS. Fractures 
about the elbow most frequently involve the head or 
neck of the radius, the olecranon or coronoid process 
of the ulna or the supracondylar region or condyles 
of the humerus. 


LINEAR FRACTURES. Fracture of the head of 
the radius is frequently associated with impacted 
Colles’ fracture; the force applied to the lower end 
of the radius is transmitted upward through the shaft 
to the head of the bone which is forced against the 
capitulum of the humerus. This results in a fine 
linear fracture of the head of the radius extending 
into the joint (A). The line of fracture may be so fine 
that close examination with a lens may be necessary 
for its detection. Such fractures are of importance 
only in so far as they involve the joint surface; they 
may result in limitation of pronation and supination; 
early active motion (after about a week or ten days) 
should be instituted to avoid impairment of function. 
An ordinary sling or right-angle splint should be 
sufficient for treatment. In every Colles. fracture, 
palpation should be made over the head of the radius 
and if pain is elicited, roentgenographic examination 
of the elbow should be made for the detection of 
fracture. Fracture of the neck of the radius (B) 
rarely gives great difficulty in reduction. Right- 
angle splint should be sufficient for immediate im- 
mobilization. Active motion should be instituted 
early in the treatment of such fractures to prevent 
limitation of motion. If the fracture is linear only, 
without material displacement, many surgeons treat 





Fig. 6C. Fracture Head of Radius. 


without immobilization merely with a sling. If the 
fracture of the head of the radius results in separa- 
tion of a definite fragment of bone from the head (C), 
this may require open operation and removal of the 
fragment before satisfactory function can be re- 
stored. Fragments of this sort when widely sep- 
arated often result in proliferation of large quanti- 
ties of new bone which may impede function. 
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A. Fracture Ulna--Upper Third. B. Fracture Olecranon Process. 
Fig. 7 


ELBOW-ULNA FRACTURES. Fracture of the 
upper third of the ulna may show marked posterior 
displacement of the upper fragment due to the pull 
of the extensor muscles (A). Reduction and main- 
tenance of the fragments in position may be impos- 
sible without open reduction and internal fixation. 


Fracture of the olecranon process of the ulna 
(B, and B,), may result in wide separation of the 
upper fragment of the olecranon process due to the 
‘ pull of the triceps tendon. Relaxation of the mus- 
cle by complete extension of the forearm may result 
in complete replacement of the fragment. [If this 
position alone does not result in replacement of the 
fragment, open reduction may have to be resorted 
ta \ to for its replacement. 


Fractures of the coronoid process of the ulna 
(C) are usually associated with backward disloca- 
tion of the ulna at the elbow joint. Unless the elbow 
is maintained in an acutely flexed position, spontane- 
ous posterior redislocation of the bones of the forearm 
is likely to occur at the elbow joint. 


Fracture of the upper end of the ulna associated 
with dislocation of the head of the radius is known as 
Fig. 7C. Fracture Coronoid Process Ulna. a Monteggia fracture (see Chapter on Dislocations). 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 
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Ai. Supracondylar Fracture of Humerus. Az. Supracondylar Fracture of Humerus. 
« 
\ 
B,. After Reduction--Normal Position. B2. After Reduction--Elbow Acutely Flexed. 


Fig. 8. Fracture of the Lower End of the Humerus. 








FRACTURES 15 


FRACTURES OF THE UPPER EXTREMITY (Continued) 
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C. Fracture of Both Condyles. 
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D. Fracture of Inner Condyle. 


Fig. 8 


ELBOW- - LOWER HUMERUS FRACTURE.* 
Supracondylar fracture of the humerus is one of the 
most common types of injury about the elbow joint. 
It occurs most frequently in children, during the 
stage of epiphyseal development. Since there are 
four centers of ossification for the lower humeral 
epiphyses, these, together with the deformity from 
the fracture, give the entire picture a very grave as- 
pect to those who are not thoroughly familiar with 
the normal structures. The characteristic deform- 
ity resulting from supracondylar fracture is caused 
by posterior displacement of the distal fragment, 
with or without overriding. (A, and A,) This dis- 
places the lower articular surface of the humerus 
posteriorly. Normally the articular end of the 
humerus should be anterior to the axis of the shaft. 
For correction of this deformity manipulative re- 
duction and acute flexion of the elbow in Jones’ posi- 
tion is necessary to maintain the fragments in good 
position, (B, and B,), otherwise use Dunlop’s trac- 
tion. Caution should be taken where excessive 
swelling is present in maintenance of this acutely 
flexed position that the circulation is not interfered 
with; it may be impossible at first to secure any 
more flexion than a right-angle position without in- 
terfering with the radial pulse, gradually increasing 
flexion from day to day. 

Fractures of the condyles, either one or 
both, involving the joint are probably among the 
most difficult fractures of the elbow to treat (C). 
Any malposition at all will result in new bone 
formation filling in the fossa for the olecranon 
and coronoid processes, which will prevent com- 
plete flexion and extension of the joint. 

Fractures of the epicondyles, especially of 
the inner (D), often result in complete detachment 


of the fragment, which can be palpated as a loose 
body under the finger. It is often relatively pain- 
less. It may be impossible to hold the fragment 
in good position without operative replacement. If 
the injury is in a young individual, when subse- 
quent growth is expected of this epiphysis, it 
should be replaced if possible; if the epicondyle 
has already completely fulfilled its epiphyseal 
function, then it may be either left alone if it 
causes no pain or it may be totally removed if it 
does. Such fractures in children consistently 
justify surgical removal. 

Occasionally the small fragment of bone, re- 
taining its lower capsular attachment, is slipped 
through the rent in the capsular ligament to a 
position inside the joint between the articular sur- 
faces. See epiphyseal separations of inner epi- 
condyle. Figs. 52B and C. 


DISPLACEMENT OF FAT PADS OF ELBOW. 
Bledose and Izenstark have described a new sign of 
fracture or other injury to the elbow joint which they 
have named the * displaced fat pad sign,” which may 
be due to obscure fracture about the elbow joint. 
“Any process producing synovial or hemmorhagic ef- 
fusion within the joint will displace the intercapsular, 
extrasynovial fat pads,”--which appear roentgeno- 
graphically as radiolucent areas anterior and pos- 
terior to the distal end of the humerus. Posterior 
bulging of the triceps tendon may occur in the pres- 
ence of effusion in the elbow joint. 

“The fat pad sign” may be absent in those cases 
in which the fracture does not communicate with the 
synovium, or where the joint capsule has been 
ruptured, allowing extravasation of fluid into the sur- 
rounding tissue.” 
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Fig. 9. Fracture of Shaft of Humerus. 


HUMERUS--SHAFT FRACTURE.* In fractures 
of the shaft of the humerus the important fact to be 
borne in mind about the position of the fragments is 
to avoid lateral angulation. Normally the carrying 
angle tends to throw the forearm away from the 
body film taken palm forward; if angulation of the 
humerus is medial (A), so as to increase the carry- 
ing angle somewhat, this will not interfere with a 
good functioning result, but if it is lateral (B) the 
resulting loss of the carrying angle may produce 
considerable disability. If there is overriding of 
fragments, traction may be necessary. “Hanging 
casts” have been found useful for the treatment of 
these fractures. Under this arrangement a cast is 
applied to the forearm, elbow and lower humerus 
with the elbow joint flexed beyond a right angle, im- 
mobilizing the fracture, but leaving the shoulder free. 
Hanging freely, the weight of the cast produces trac- 
tion. Care should be taken that the cast is not too 
heavy. Excess traction may pull the fragments apart 
or even cause subluxation of the shoulder. X-ray ex- 
amination should be made of the fracture site and of 
the shoulder from time to time to avoid such a devel- 
opment. This is the only region in which such a 
hanging cast is of value. Fractures of the upper and 
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middle thirds of the shaft may be accompanied by 

injury to the radial (musculospiral) nerve. The lower 
third of the shaft is a frequent site of nonunion. Eight 
to twelve weeks are usually necessary for firm union. 


SHOULDER--SURGICAL NECK.* Fracture of 
the surgical neck of the humerus is usually accom- 
panied by anterior projec- 
tion of the distal fragment 
into the axilla. Reduction 
of such fractures is best 
secured by use of a pad in 
the axilla of sufficient size 
to bring the fragments into 
alignment when the elbow 
is bound down to the side. 

Since nonunion sometimes 

occurs in fractures in this 

location, impacted fractures 

should not be broken up ex- 

cept under unusual circum- 

stances, such as extreme / 

pain, etc. Eight to twelve 

weeks is usually necessary Fig. 10A. Fracture Sur- 
for healing of fractures in gical Neck of Humerus. 
this location (see combina- 

tion fractures of surgical neck and greater tuberosity ). 
Early active motion is always advisable in all shoul- 
der injuries. 


( 
A 


B . Displacement. B . Reduction by Abduction 


Position. 
Fig. 10B. Fracture of Greater Tuberosity. 


SHOULDER--GREATER TUBEROSITY. The 
greater tuberosity of the humerus is frequently torn 
off as a shell of bone and displaced upward. When 
completely separated it cannot be replaced and 
held in its normal position except by extreme ab- 
duction. The treatment of choice used to be by an 
abduction or “aeroplane” splint. Open reduction has 
practically replaced this method of treatment. 

After healing in this position, the arm can al- 
ways be lowered; if allowed to heal with the arm at 
the side, union of the tuberosity in its high position 
would prevent proper abduction of the arm by im- 
pingement upon the acromion process of the scapula. 
Union usually requires from six to eight weeks (see 
combination fractures of the surgical neck and great- 
er tuberosity). 
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FRACTURES OF THE UPPER EXTREMITY (Continued) 


Fig. 10C. Combined Fractures of Surgical Neck 
and Tuberosity. 


FRACTURE--SHOULDER, COMBINED SUR- 
GICAL NECK HUMERUS AND GREATER TUBER- 
OSITY. Combined fractures of the surgical neck and 
greater tuberosity of the humerus present special 
problems. In order to hold the tuberosity in place an 
abduction splint is essential, but where there is an 
associated fracture of the surgical neck of the humer- 
us an abduction splint acts as a weight pulling down- 
ward on the distal humeral fragment. This tendency 
to downward displacement of the distal fragment from 
the weight of the cast is clearly shown in Fig. 10C. 

If the displacement of the tuberosity is so great that 
it must be treated with an abduction splint, then the 
only alternative to prevent weighing downward of the 
humeral fragment is to make use of an adjustable 
splint which can be tightened from day to day or to 
put the patient to bed until union has occurred. Such 
fractures may be successfully treated by the hanging 
cast method, (see p. 16), or open reduction. 


Fig. 10D. Fracture of Anatomical Neck. 


SHOU LDER-- ANATOMICAL NECK HUMERUS. 
Fractures of the anatomical neck of the humerus often 
present very trying problems. Such fractures fre- 
quently are intracapsular and do not unite. The head 
may be rotated and even slip around entirely to the 
outer side of the shaft. Under such circumstances 
surgical intervention is the only alternative. 

“Impression” fracture of the head of the hu- 
merus has been described (Ylwan) from forcibly re- 


straining patients on a hard wooden bench during 
electric shock therapy. The fracture is caused by 
pressure of the posterior edge of the glenoid against 
the head of the bone during unconsciousness. It ap- 
pears as a linear depression on the side of the head. 


E 
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Fig. 11. Fractures of Scapula and Clavicle. 

SHOULDER--SCAPULA AND CLAVICLE. The 
scapula is most frequently fractured through the neck 
(A), the acromion process (B), the body just above the 
inferior angle (C), and the glenoid (D). Most fractures 
of the scapula usually do not require anything more 
than temporary immobilization, it being almost im- 
possible to influence the position of the fragments by 
manipulation, and usually is not necessary, since the 
functional result is usually satisfactory. Eight to 
twelve weeks is usually required for firm union. 
Fracture of the inferior rim of the glenoid, however, 
is frequently very disabling in spite of all methods of 
treatment. The lower margin of the rim of the glen- 
oid serves as attachment for the long head of the tri- 
ceps muscle and capsular ligament. In lifting heavy 
weights with arms extended this causes pull on this 
head of the triceps muscle and the lower rim of the 
glenoid can actually be fractured in this manner. 

The clavicle (E) is one of the most frequently 
fractured bones in the body; there is usually depres- 
sion of the outer fragment and some overriding. End 
to end replacement of the fragments is often difficult 
and sometimes impossible. Union practically always 
occurs, however, with good function. Ordinarily a 
figure of eight bandage about the two shoulders holds 
the fragments in hyper extension for satisfactory 
functional result. If badly displaced a large unsight- 
ly callus may result, which is disfiguring to women 
patients. Where the cosmetic result is of impor- 
tance, a figure-of-eight bandage about both shoulders 
posteriorly, anchored to a hard board “T” splint ap- 
plied to the back, although uncomfortable, often gives 
most satisfactory results. Six to eight weeks is usu- 
ally sufficient to produce satisfactory union. 
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FRACTURES OF THE LOWER EXTREMITY 


ns ) J" FRACTURES-- FOOT 
GS a) PHALANGES. Fractures 
O of the phalanges of the 
Y toes (A) are usually 
crushing fractures, from 
objects falling on them, 
or chip fractures of the 
() articular margins, from 
C) e B “gstubbing” the toes. 
These seem to heal more 
readily than similar 
fractures of the phalanges 
of the hand, probably be- 
cause these joints in the 
feet are not required to 
perform such a wide 
range of motion. Healing 
usually occurs in from 
four to six weeks; simple 
immobilization is all that 
is required. Fractures 
of this sort which involve 
the great toe are most 
Fig. 12 disabling, since this toe 
Fractures of the Foot. is such an important 
member in locomotion. 
Manipulation of the fragments into as satisfactory 
position as possible, and early active motion to pre- 
vent stiffening of the joint is the only procedure 
which can be followed. Very rarely there may be 
fracture of the sesamoid bones of the great toe (B). 
Anomalous division of these sesamoid bones is occa- 
sionally encountered; care must be taken not to mis- 
take this normal structure for injury. Examination 
of the opposite foot for comparison will determine the 
possibility of anomalous division of the bone. Frac- 
tures of the inconstant sesamoids of the foot have 
been described, (Lapidus). 


The metatarsal bones are most frequently frac- 
tured by the fall of heavy objects (C). If only one or 
two are broken the others act as splints. Replace- 
ment of such fragments in direct apposition is always 
difficult where any material displacement is present 
and may at times be impossible. Fortunately, if the 
normal arches of the foot are maintained, such frac- 
tures rarely cause lasting disability. Care must be 
taken to preserve the normal lateral arch. Downward 
projection of sharp points should be avoided. A com- 
mon fracture of the metatarsal bones is one which 
occurs at the proximal end of the fifth metatarsal. 

(D in Fig. 12.) Such fractures heal without difficulty 
with simple immobilization. This area is also the 
site of an apophysis which may be confused with a 
fracture. This apophysis is a growth center separated 
from the metatarsal by a line which runs more trans- 
versely. To add further to the difficulties of diagnos- 
ing a fracture here, a separate accessory bone, the 

os Vesalianum, at times exists at the base of the 
metatarsal. If in doubt, examination of the other foot 
will settle the question, since anomalies usually occur 
on both sides. Six to eight weeks is usually required 
for firm union. 





Fig. 13. Fractures of the Tarsal Bones. 





Fig. 13B. 


FRACTURES OF FOOT--TARSAL. In fractures 
of the tarsal bones, the most important factor in se- 
curing a satisfactory result is the preservation of 
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FRACTURES OF THE LOWER EXTREMITY (Continued) 


the normal anteroposterior arch of the foot. The 
most frequent fractures of the tarsal bones are: frac- 
ture of the body of the calcaneus (A), of the susten- 
taculum tali (B), of the navicular (C), talus (D), and 
nutcracker fracture of cuboid bone (E) by indirect 
violence, (Hermel and Gershon). The development of 
“traumatic flat foot” results in disability which is 
extreme and lasting. The time to correct such de- 
fects in the arch is immediately following injury. 
This can be accomplished by forcibly moulding the 
foot over a sand bag or some other resisting object 
and fixing it in plaster in this position until union has 
taken place. From ten to twelve weeks is usually re- 
quired for union of such fractures. 

A well-defined ossicle is sometimes present at 
the anterior superior margin of the calcaneus which 
probably has its origin as a small ununited fracture 
of the “promontory” of the calcaneus, (Piatt). 

When fracture occurs through the neck of the 
talus, the proximal fragment may lose its blood sup- 
ply, and therefore suffer aseptic necrosis. 


IMPACTED FRACTURE OF THE CALCANEUS. 
The lower portion of the calcaneus is driven upward 
and forward, resulting in compression of Boehler’s 
salient angle to almost a straight line. 


BOEHLER’S ANGLE SHOWING NORMAL 
STRUCTURAL RELATIONSHIP OF THE CALCAN- 
EUS. A line drawn from the posterior superior mar- 
gin of the talo-calcaneal joint (A), through the pos- 
terior superior margin of the calcaneus (B), should 
make an angle with a second line drawn from the 
same point (A), to the superior articular margin of 
the calcaneocuboid joint (C), of about 40°. With frac- 
ture of the calcaneus this angle may be diminished 
or reversed. Restoration of this angle is advisable 
but not essential to a satisfactory result in fractures 
of the calcaneus. Recently more attention is being 
given to maintaining a narrow heel and prevention of 
talocalcaneal arthritis. 


FRACTURE OF CALCANEUS. Of these, the 
fractures of the calcaneus are most disabling, due to 
the importance played by this bone in the mechanics 
of walking and weight bearing. Simple moulding of 
the foot and application of a cast may not be sufficient. 
Restoration of the normal relationship of the bones is 
essential. This can be determined from a lateral 
view of the foot by an estimation of the salient 
(Boehler’s) angle. In fractures of the calcaneus this 
angle may be greatly reduced due to impaction of the 
fragments. To restore this angle many methods of 
manipulation have been devised. Olson has given a 
very clear description of a modification of Boehler’s 
method which has proven most successful. Two 
Steinmann pins are inserted through the bones, one 
through the distal fragment of the calcaneus, the 
other through the anterior margin of the lower end of 
the tibia. By turnbuckles attached to pins pressure 
is exerted. When position of fragments has been re- 
established cast is applied. 


A twisting motion of the foot may result in frac- 
ture of the sustentaculum tali. This is best shown 
radiographically by the oblique view of the foot. It is 
of importance, since the displacement of this process 
may result in disturbance of the normal arch of the 
foot, (Wilson). 


Van @ 


A. Abduction injuries. 
Transverse fractures of 
the medial malleolus 
with transverse or 
oblique fracture of the 
fibula. A-P views. 


B. Adduction fracture, 
the medial malleolus is 
characteristically verti- 
cal; the fibular fracture 
is transverse. 


Fig. 14 


FRACTURES--ANKLE.* Ashurst and Bromer 
utilized the direction of force producing the injury to 
classify the five main types of ankle fractures. 
Forces are rarely pure or isolated, so that what is 
seen on the film may be the result of two or more 
forces acting at the same time. It is useful to think 
of fractures about the ankle as being due to the sep- 
arate forces both to understand the mechanism of the 
stresses involved, and to aid in reduction of the frac- 
ture. The extent of the injury depends also on the 
relative strengths of ankle ligaments and the bone. 
Since these vary from individual to individual, a 
further complicating factor is introduced. The five 
primary types of force are external rotation, abduc- 
tion, adduction, compression, and direct violence. 

(POTTS). External Rotation Injuries are the 
most common of all ankle fractures (Fig. 14A and B). 
The fibular fracture component, a helical-type frac- 
ture either alone or in combination with other injuries 
comprises about 60% of all ankle fractures. Thex- 
ternal rotation force applies torsion to the fibula. If 
the ligaments hold, the fibula fractures. The fracture 
line runs from above downward and obliquely from the 
posterior aspect as much as two inches above the pos- 
terior tibial tubercle, ending on the anterior surface 
at the level of the tibio-talar joint. 

Still greater external rotatory force results in 
an additional fracture, that of the medial malleolus. 
The medial malleolus fracture is oblique, running up- 
ward and inward. 
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C. Trimalleolar fracture 
-eassociated fracture of pos- 
terior articular process of 
tibia --backward dislocation. 


cation reduced. 


D. Foot hyper-extended--dislo- 


E. Foot again flexed to find 
point of optimum reduction 
without dislocation. 


Fig. 14 


FRACTURE--ANKLE--POSTERIOR ARTICULAR 
SURFACE OF TIBIA. If the injury is more severe, 
the external rotary force continues after the fibular 
fracture. The posterior lip of the tibia fractures, 
as a result of pressure exerted by the rotating talus, 
and the compressing force of body weight; such frac- 
tures are often called “trimalleolar” or posterior 
tibial articular fractures. 

Depending upon the relative strength of the 
bone and the ligaments, and the shape of the talus 
and tibia as well as the strength of the force applied, 
combinations of the described injuries may be seen. 
The injury sustained may be solely ligamentous, or 
solely bony. Posterior dislocation is frequent. Re- 
duction is by internal rotation of the foot that is by 
reversing the direction through which the structures 
were originally rotated. When an element of abduc- 
tion accompanies external rotation, the fibular frac- 
ture is less oblique, and more transverse. 


POSTERIOR ARTICULAR SURFACE FRAC- 
TURES OF TIBIA AND ITS BEHAVIOR UNDER 
MANIPULATION. This fracture usually occurs in 
association with fractures of both malleoli so that it 
is designated as a trimalleolar fracture. (Fracture 
lines of the malleoli are omitted to avoid confusion.) 

C. Trimalleolar fracture of ankle. Both 
malleoli usually show some displacement (as seen 


in Fig. 14) and, in addition the posterior tibial ar- 
ticular surface fragment is displaced upward and 
backward, the talus is luxated backward and there is 
marked disturbance in the weight-bearing line. 

D. Dislocation reduced by extreme extension 
of foot which usually causes over correction of 
weight bearing line. 


E. Slight relaxation of the extreme extension 
and point of optimum stability with maintainance of 
the weight-bearing line is formed. 


Fractures of compression. When a fall is sus- 
tained from a height and the compressing force is 
exerted in the long axis of the leg, injury to the tibia 
is produced by the upward movement of the talus. 
The type and extent of the tibial fracturing depends 
upon the way the force is exerted in the joint. A pos- 
terior marginal fracture is more common than an an- 
terior. Medial and lateral marginal fractures also 
occur. With more severe trauma, fractures may be 
multiple with posterior tibial articular fragments and 
dislocation (see Fig. 14). There may be accompany- 
ing fractures of the calcaneous and talus. 

For more uncommon fractures about the ankle, 
reference is made to Bonnin * Injuries of the Ankle.” 
Fractures from direct, severe trauma have no spe- 
cial characteristics. 
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Fig. 15. Evulsion Internal Lateral Ligament. 


Evulsion of the internal lateral ligament of the 


ankle joint, (Fig. 15) is not uncommon in severe 
sprains and fractures. Similar evulsion of the ex- 


ternal lateral ligament may occur in association with 


severe sprain without evidence of fracture. Relief 
of pain and muscular spasm by cocainization will 
permit a wide range of subluxation of the joint, for 
substantiation of the diagnosis by further radio- 
graphic examination in this position. 


FRACTURE-- 
BONES OF LEG. Fig. 
16. Simple transverse 
fractures of the bones of 
the leg present no un- 
usual features from 
fractures of the long 
bones elsewhere in the 
body. It must be re- 
membered that the 
weight-bearing line is 
transmitted directly 
down the middle of the 
tibia and this must be 
preserved as well as 
possible. Generally 
speaking, however, if 
three fourths of the 
fractured surfaces are 
in good apposition and 
the alignment is good, 
the position may be 
considered satisfactory 
for a good functional 
result. Reduction and 
maintenance of this 





Fig. 16. Fracture of Leg. 


may be accomplished by closed or open means. 


If the fragments are overriding or the fracture 


line is oblique, traction, by extension apparatus and 
fixation by pins through a cast, or by a constant pull 


applied to the lower fragment is necessary for main- 


tenance of the fragments in position. 








B. Compression Fracture 
Outer Condyle of Tibia -- 
Lateral View. 


A. Compression Fracture 
Outer Condyle of Tibia - - 
Posterior View. 


Fig. 17 


About six to eight weeks is usually necessary 
for healing. In recent years such fractures of the long 
bones have been effectively treated by intramedullary 
nailing. Spot-scanographic examination is an ideal 
method for determining the length of the intramedul- 
lary nail necessary for such surgical procedure. 

(See Manual of Roentgenological Technique.) 


KNEE--UPPER TIBIA. (Fig. 17) Fractures of 
the condyles of the tibia often result in malalignment 
of the joint surface. Involvement of the joint surface 
in fractures of the knee where there is no disturbance 
in position of the joint surface is not of such grave sig- 
nificance as in other joints, since the intervening 
semilunar cartilages serve as a buffer to the irregu- 
larity of the bone. 

With injuries about the knee, occasionally lipo- 
hemarthrosis occurs. See page 75. 

Compression fractures of the one or other con- 
dyle (A and B), occur fromforce applied to the inner 
or outer sides of the knee causing traumatic bow-leg 
or knock-knee deformity. These are frequently re- 
ferred to as “bumper fractures” since they usually 
result from being struck on the side of the knee by the 
bumper of an automobile. The cartilage is resilient 
and returns to its natural shape, but the cancellous 
bone when once compressed retains the deformity. If 
allowed to heal with the resulting depression of the 
articular surface, there will be lasting deformity and 
disability. Operative elevation of the lowered articu- 
lar surface by inserting a bony wedge often results in 
restoration of normal position, (Palmer). Early ac- 
tive motion without weight bearing is advisable. 
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Fig. 18. Fracture of Spine of Tibia. 


KNEE--SPINE OF TIBIA. Fractures of the 
spine of the tibia are comparatively rare; even though 
they are intracapsular they usually unite sufficiently 
for good function. 


Displaced fractures require replacement; un- 
displaced fractures are treated as ligamentous injury, 
usually anterior cruciate ligament. 


KNEE--PATELLA* (two figures in next col- 
umn). Patellar fractures may be longitudinal, trans- 
verse or stellate. Longitudinal fractures run in the 
same direction as the tendon in which the bone lies 
and consequently the tendon remains intact and there 
is little if any loss of function. A bipartite patella, a 
congenital anomaly, may be confused with a patellar 
fracture. Such fractures may require only a mini- 
mum of time before full function is restored. 


Complete transverse fractures (A) may result 
in wide separation of the fragments due to the pull of 
the quadriceps muscle. Fairly good apposition can 
usually be attained at the outset by complete exten- 
sion of the leg (B). If this is not possible open opera- 
tion may have to be resorted to. 


In stellate fractures, excision of the lesser 
fragments and surgical repair, gives the best hope 
for satisfactory recovery. Patellar fractures fre- 
quently unite only by fibrous union if there is any 
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A. Fractured Patella--with Separation of the Fragments. 


(| 


B. Reduction by Extension of Knee. 
Fig. 19 
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material separation of fragments. Separation or 
stretching of the patellar ligament is indicated roent - 
genographically by the drawing up of the patella into 
an unusually high position. 
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Extreme traction with the leg in full extension 
may injure the vessels at the knee, therefore it is 
better to apply extension with knee in a slightly 
flexed position. It may be possible under direct 
fluoroscopic vision to reduce such fractures ona 
fracture table and to apply a cast; frequently, how- 
ever, the padding of the cast becomes flattened and 
the soft parts atrophy from disuse after a time, re- 
sulting in sufficient play to permit recurrence of 
displacement of the distal fragment. Surgical treat- 
ment, by the introduction of an intramedullary stain- 
less steel splint down the shaft almost to the lower 
articular surface of the femur, will serve best to 
maintain the fragments in good position, (Fig. 21B). 


A. Fracture Inner Con- B. “Y"” Fracture of Both 
dyle of Femur. Condyles of Femur. 
Fig. 20 


FRACTURE--KNEE CONDYLES. Fractures 
of the condyles of the femur are likewise very 
important in so far as their replacement is often 
very difficult and failure to restore them to their 


normal position will result in lasting disability. A. Fracture Shaft of Femur--Lower Third with 
If the fracture line involves the joint directly in Characteristic Posterior Displacement of the Distal 
the intercondylar space (A), the fact that it in- Fragment. 


volves the joint is not such a serious complication 
as if it were on a more active portion of the ar- 
ticular surface. Both condyles of the femur may 
be broken off (B), producing a “Y” - 

shaped fracture. The fragments in 

such cases may be very difficult to 

hold in place--it may be necessary 


to resort to open operation. 
FRACTURE--SHAFT OF FE- 
MUR (figure 21). Fractures of the 
lower portion of the shaft of the 
femur are very frequent; fractures 
in this location are of especial im- 


portance (A). Heavy muscular pull 

causes backward displacement of 

the distal fragment with consequent 

overriding of the fragments and 

shortening of the extremity. To over- B. After Reduction and Insertion of Intramedullary 
come this muscular pull, heavy Nail. Fragments maintained in good position. 
traction is necessary. Fig. 21 


24 PRINCIPLES OF ROENTGEN INTERPRETATION 


FRACTURES OF THE LOWER EXTREMITY (Continued) 


To secure adequate traction it may be found 
necessary to use a surgical Steinmann pin or 
Kirschner wire run directly through the condyles 
of the bone, with application of balanced traction. 


If a cast is applied, extension may be main- 
tained by incorporating the pins in the cast. 


Time required for complete union of the 
femur varies a great deal, depending on the age of 
the individual, degree of separation of the frag- 
ments, etc. Ordinarily, however, three months is 
about the shortest time in which firm bony union 
can be expected. 


In recent years most fractures of the femoral 
shaft are treated by intramedullary bone splints. 
This consists of a long, flanged, stainless steel rod 
which is inserted into the medullary canal, bridging 
the fractured area and holding the fragments in good 
apposition and alignment. This form of intermedul- 
lary splint has been utilized most successfully in 
fractures of the femoral shaft in the lower one- 
third and of the tibia, although it has been used in 
the shafts of other long bones. 


The ultimate results are better under this 
method of treatment, and the time for healing is 
usually shortened. 
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A. Intertrochanteric Fracture of Femur. 


Fig. 


Intertrochanteric fractures (A) and pertroch- 
anteric fractures are essentially similar, extending 
obliquely between the two trochanters. Under certain 
conditions these may be very difficult to detect; the 
lining system devised to demonstrate the normal re- 
lationship between the neck of the femur and the shaft 
should aid in detection of such fractures and should 
give a fair estimate of the amount of shortening. The 
shaft slips up on the inclined plane of the fracture 
line, causing the trochanter to be displaced upward. 
If a line is drawn parallel to the shaft through its 
midportion, and a second line is drawn perpendicular 
to it at the level of the great trochanter, this line 
projected over to the articular surface of the head of 
the bone should intersect the articular surface at or 
below the indentation for insertion of the teres liga- 
ment. Traction in an abducted position with a Hodgen 
splint may be used as a method of treatment (B). If 
there is little displacement or shortening, fixation in 
plaster may suffice. Fractures of this type usually 
heal quite readily in three to six months; rarely if 
ever is nonunion seen in this location. 





B. After Reduction--Normal Position. 
22 


As a matter of fact very few fractures of this 
type are treated today by the closed method, the com- 
plications of immobilization are too great. Almost all 
are treated by open operation and nailing; using a 
flange nail-bone plate of some type such as a Jewett, 
Key or Neufelt. These consist of a three-flanged nail 
which is driven through the trochanter into the neck 
of the femur combined with a bone plate which extends 
down the lateral side of the shaft of the femur and is 
secured to it. Pertrochanteric fractures being es- 
sentially similar require no variation in treatment. 


Isolated fractures of the greater trochanter in 
adults are very rare; they have been considered by 
Wilson, Michele, and Jacobson. 


HIP--INTERTROCHANTERIC FRACTURE.* 
Subtrochanteric fractures and fractures through the 
upper portion of the shaft present no unusual prob- 
lems. Manipulation under traction is the method of 
choice for reduction. 
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A. Subcapital fracture head of the femur with 
some displacement. 


B. After reduction of fracture 


Fig. 23. 


HIP--FEMORAL NECK FRACTURES.* Frac- 
tures of the neck of the femur are as a rule more 
serious than any other fracture about the hip (A and 
B). This is due to the fact that the joint capsule in- 
cludes almost the entire anterior surface of the neck 
and at least two thirds of the posterior portion, so 
that most fractures in this location are really intra- 
capsular fractures. Here, likewise, the amount of 
blood supply plays an important role in healing of 
the fracture, whereas in intertrochanteric fractures 
this is not such a questionable factor. The blood 
vessels supplying the upper neck and head of the fe- 
mur enter the bone by way of the joint capsule. Dur- 
ing the fracture itself, or the reduction and fixation, 
the blood vessels may be damaged. Delayed healing 
or non-union can result. Aseptic necrosis of the head 
may be a major complication. Fractures of this sort 
are sometimes difficult to detect roentgenographical- 


ly. Shenton’s Line (B), the curved line forming the 
undersurface of the neck of the femur, continued over 
onto the pelvis, should fall along the upper border of 
the obturator foramen. This determines the relation- 
ship of the neck of the femur with the pelvis. Some 
feel that the fractures of the neck and head can be 
further subdivided into abduction and adduction frac- 
tures. In abduction fractures, the fracture line is 
more or less horizontal and perpendicular to the 
weight bearing axis of the leg. Weight bearing and 
muscle retraction tend to bring the fragments together. 
Adduction fractures are considered to be due to 
adduction strains. The fracture line is more or less 
vertical, or at least more vertical than the abduction 
type. Weight bearing and muscle retraction tend to 
separate the fragments. Internal fixation is necessary. 
Other surgeons state that the abduction-adduc- 
tion classification is a false one, and that fractures of 
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C. Fracture transverse 
midportion of neck of femur. 


D. Abduction type fracture of neck 
of femur with horizontal fracture line. 


Fig. 23. 


E. Adduction type fracture 
of neck of femur with vertical 
fracture. 
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the neck occur from lateral rotatory strains; frac- 
ture lines are not horizontal nor vertical, they be- 
lieve, but spiral. 

Here, as elsewhere, intracapsular fractures 
are prone to result in nonunion; whether this is due 
to deficiency in blood supply of the fragments, or in- 
terposition of synovial fluid or other cause, the fact 
remains that a large percentage of such fractures 
never heal by firm bony union. Fragments may be 
held in close apposition and in good position by ab- 
duction either in a Hodgen splint or by a flanged nail 
driven into the fragments; in some instances new 
bone formation and union occur; in others, no vestige 
of new bone formation ever appears and bony union 
never takes place. The nearer the fracture is to the 
anatomical head of the bone, the greater is the likeli- 
hood of non-union. Non-union has been attributed by 
some to lack of blood supply for the broken head of 
the bone. Avascular necrosis may complicate undis- 
placed fracture of neck of femur. Studies of the blood 
supply to the head and neck of the femur would seem 
to justify this view, (Mussbichler). Certain cases, 
however, which never unite, years later may still 
show the head of the bone fully formed and viable in 
the acetabulum. Still others attribute non-union to 
failure of fixation of the fragments. Bone pegs driven 
into the neck of the femur to hold the two fragments 
in position have been used, but only too frequently end 
in failure. Metallic nails are now used almost ex- 
clusively to fix the fragments in position during heal- 
ing; these have met with more uniform success. The 
Smith-Petersen nail is the one most frequently used 
for this purpose. Complete and accurate reduction 
and impaction of the broken surfaces are great fac- 
tors in producing union. 

The vascular vulnerability of the femoral neck 
is great at all ages. Fractures of femoral neck are 
very uncommon in children, but linear fractures of 
this sort do sometimes occur at an early age in 
children. 

Even linear fractures of the neck without dis- 
placement are very prone to end in avascularization 
of the head of the bones; many authors have agreed 
that the incidence is as high as 50%. This is mani- 
fested within a few months by disintegration of the 
head of the bone, whether treated by nailing or mere- 
ly by immobilization with plaster. 


SMITH-PETERSEN NAIL 


Since the procedure of hip-nailing depends so 
largely for its success on cooperation with the radi- 
ological examination, a brief account of the roentgen- 
ological portion of the procedure was thought advis- 
able. 

Where fragment of the head of the femur is prac- 
tically devoid of blood supply and nutrition metallic 
prostheses may be substituted for artificial replace- 
ment of the destroyed structures. Subcapital frac- 
tures of the femur result in fair healing; vertical 
fractures of the neck often show very poor healing 
while transverse cervical fractures have the greatest 


tendency for good healing. 

Surgical operations using metallic pins and 
wires have resulted at times after long observation 
in migration of the metallic objects used for trans- 
fixing into vital portions of the body. Burman, et al. 
have reported migration of surgical pins and wires 
used to repair a fracture of the upper humerus, into 
the mediastinum. 

Similar migration of a pin used to transfix a 
fractured clavicle has been reported by Kremens, et 
al. Terrafranca, et al. have even described the mi- 
gration of a Smith-Petersen nail down into the thigh 
with an immense foreign body cyst of the thigh ex- 
tending from the groin to the knee. 

These are such rare and unusual occurrences 
that they need hardly be considered as deterrants of 
the method in view of their advantages. 


Check the position of the nail by antero-pos- 
terior and lateral roentgenograms. The surgeon may 
allow the patient to be up in a wheel chair the follow- 
ing day and may permit weight bearing in about 6 
months. (For more detailed consideration of the 
technique see Manual of Roentgenological Technique.) 

Fibrous union may result which may even per- 
mit the individual to walk with a pronounced limp. 

In an exhaustive study of the subject of nonunion in 
hip fractures Salner and Pendergrass came to the 
conclusion that there are three fundamental reasons 
for failure of healing of fractures in this region: 

(1) Absence of a cambium layer in the fibrous cover- 
ing of peripheral callus in the healing process after 
fracture. This lack of external osteogenic function 
because of lack of periosteum over the femoral neck 
is one way in which the process of repair of trans- 
cervical femoral fractures differs from ordinary 
shaft fractures. (2) Angle between neck and shaft 
because of the shearing force due to the angle of the 
neck and head, (3) Difficulty in maintaining rigid 
fixation, and its influence on the blood supply. (A 
method has been devised for measuring the femoral 
neck in surgical treatment of fractures of the hip by 
Van Brunt, q.v.) 

Microradiographic studies after injecting the 
vessels of the upper end of the femur has shown 
abundant blood supply to the epiphysial margin of the 
head and the basal layers of cartilage. Truetta and 
his coworkers were unable to detect any decrease in 
richness of the arterial tree within the femoral head,” 
so that this does not seem a logical explanation for 
the high percentage of nonunion associated with ad- 
vancing age in fractures at this site. 

Many things have been used in an attempt to 
overcome nonunion: diet, administration of calcium 
salts, etc., all to no avail. Surgeons have recom- 
mended and described as beneficial at times, 
traumatizing the bone on either side by an awl or a 
chisel or by traumatizing the fracture site by striking 
the end of the extremity with a rubber mallet repeat- 
edly many times each day. This sometimes is suc- 
cessful where everything else has failed. Care must 
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be taken not to resume function too soon even after 
union, since often the new-formed bone may soften 
and again become absorbed. Where nonunion has 
occurred in spite of all of these measures, recourse 
may be had to the surgical removal of the head of 
the bone and its replacement by a prosthesis or 
artificial femoral head made usually of some sort of 
plastic material. 

A case is on record of total removal of a fe- 
mur, due to hydatid cyst involvement with replace- 


ment by a cadaveric femur, (Capurro and Pedemonte). 


HIP--ACETABULUM.* Central fracture of the 
acetabulum, caused by force applied to the greater 
trochanter, driving the head of the femur through the 
acetabulum, into the pelvis, is a rather rare but 
often very painful fracture. Extraction of the head 
by lateral traction and early motion are the chief 
elements in treatment. The fractured acetabulum 
always heals, but there is often limitation of motion. 
Four to six months should usually suffice for re- 
pair of the fracture. Rectal manipulation of the 
fragments may be helpful in moulding them into 
place, (Jostes). 


ARTHROGRAPHY OF THE HIP. Arthrography 
of the hip has been performed by Barnett and 
Acromano at the St. Charles Hospital, (Brooklyn, 
N.Y.) in 49 cases representing a rather wide selec- 
tion of patients in the age group from two weeks to 
thirteen years. Renografin is the medium of choice. 
This is not a routine procedure, but is limited to 
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Fig. 24. Central Fracture of Acetabulum. 


specifically selected cases, in which it has been found 
to be of help to the clinician in making a decision be- 
tween closed and open reduction. The method has 
been without mortality or morbidity and there have 
been no local reactions to the procedure. 
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B. Depressed Linear Fracture. 
Note Line of Double Bone Density. 
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E. Depressed Trough Fracture. 








C2. Depressed Flap Fracture. D2. Depressed Angular Fracture. F . Stellate Fracture. 
Fig. 25 


FRACTURES OF THE SKULL.* In fractures 
of the skull we have an entirely different problem 
than in fractures of long bones; here we are not 
concerned so much with the actual injury to the 
bone, as we are to the possible injury of the un- 
derlying brain structures. The injury to the bone 
itself is secondary; it will heal without much dis- 


ability to the individual; injury to the brain, however, 
may cause lasting disability or death. 

Interesting observations have been made on the 
mechanism of skull fractures and prediction of the 
fracture sites in head injuries by Gurdjian, et al. 

Roentgenological examination of the skull is 
utilized to determine: 
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H. Fracture of Skull Involving Foramen Magnum. 


1. The actual presence of a fracture, 

2. Its character and extent if present, 

3. The presence or absence of depression of the 
fragments, 

4. The involvement of any important structures by 
the line of fracture. 

Before it is possible to actually exclude frac- 
ture of the skull, five views must be taken; right 
and left lateral, frontal, occipital and basal. This 
is necessary since the fracture line may be so fine 
that unless it is in intimate contact with the film, it 
often will not show in the roentgenogram; for in- 
stance, a right lateral view might not show a fracture 
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I, Fracture of Skull--Basal. 


of the skull in the left parietal region, nor would a 
frontal view disclose such a fracture on the left 
side of the head. Stereoscopic examination can- 
not be used as a substitute--while often helpful in 
determining depression or extent of a fracture, it 
cannot be relied upon to show a fracture on the 
opposite side of the head. 


Linear fractures of the skull (A) must be differ- 
entiated from grooves produced by the meningeal ar- 
teries, the venous channels and other bony markings. 
The meningeal arteries spread out fan-shaped from 
the base of the skull upward; they are tortuous, divid- 
ing and subdividing as they extend toward the top of 
the head. The veins, on the other hand, extend across 
the sides of the head converging toward the top; they 
are broader and more shallow than the arteries and 
often converge into venous lakes, especially in the 
parietal regions. Linear fractures are blacker in ap- 
pearance than arterial or venous markings, and usual- 
ly do not take a course characteristically found with 
these structures. Arteries divide and subdivide, al- 
ways diverging and giving rise to branches which be- 
come smaller and smaller. Linear fractures rarely 
divide, but if they do divide, it is only for a short 
distance; they soon converge again to the main line 
of fracture, producing a small island of bone; vessels 
never do this. Other types of fractures of the skull 
may be flaplike, such as semicircular or circular, 
troughlike, angular or stellate, depending upon the in- 
jury received. 


Diastatic fractures of skull or separation of the 
sutures, is an entity just as important as linear frac- 
ture. Care must be taken, however, not to mistake 


the straight linear inner margin of a suture when su- 


rimposed upon the wavy serrated outer margin, as 
a fracture through the suture, (Danelius). 
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The next thing for consideration is the determ- 
ination of depression of the fragments. How can de- 
pression of a linear fracture be detected in a flat film 
of the shell? If the fracture line shows a uniform 
density throughout its entire course, it cannot be de- 
pressed, since depression of one or the other frag- 
ment, even if ever so slightly, will result in the pro- 
duction of a white line of double bone density at some 
place in the course of fracture (B). A similar white 
line of double bone density may be encountered ina 

ap fracture; whenever it is seen, it is always evi- 
dence of depression of the fragment. It is possible 
however, for a flap fracture to be depressed without 
showing a line of double bone density. If you cut a 
semicircular opening in the top of a fruit can, you 
will see at once that it is possible to depress the flap 
without overlapping either side of the opening (C,). 
Under such conditions, however, the flap becomes 
foreshortened and the semicircular opening becomes 
widened and crescentic in shape. Since we know that 
the flap originally completely filled the defect, any 
failure of the shadow of the flap to do so after injury 
must represent foreshortening of the flap indicating 
depression. Taken from a slightly different angle, 
the same flap fracture may show a white line of dou- 
ble bone density (C,). This is true whether the flap 
is circular, angular, or irregular, or whether the 
fragments form multiple flaps as in “gutter” or stel- 
late fractures. (D, and D,, E, F.) 

Lastly, the involvement of the adjacent struc- 
tures is very important. Is the fracture line in close 
relationship to the motor area of the brain? Does it 
cross the middle meningeal artery or some other 
large arterial branch or venous sinus? Does it enter 
one of the accessory nasal sinuses (G) or the orbit, or 
one of the foramina suchas the foramen magnum (H)? 

The detection of the fracture is of prime impor- 
tance because it indicates the point of maximum 
trauma to which the underlying structures have been 
subjected, and also to acertain extent indicates the de- 
gree of violence to which the individual has been ex- 
posed. Fractures contrecoup must be very rare since 
we have not encountered any cases in which the max- 
imum injury was not evident at the site of maximum 
trauma. John Stewart found, in analysis of all skull 
fractures at the St. Louis City Hospital over a five- 
year period, thata correct diagnosis was obtained from 
roentgenographic examination with two lateral views 
and one view over site of maximum trauma, in 90.5% 
of all cases. Where fracture of the vault alone was 
considered, the percentage of correct diagnoses is 
higher, in basal (I) fractures alone it is much lower. 

Failure to find evidence of fracture of the skull 
should not be allowed to give a sense of false securi- 
ty, since numerous instances have been encountered 
where fatal intracranial hemorrhage has occurred 
from brain injury without evidence of fracture of the 
bone. Voris, Verbrugghen, and Kearne found that 
40% of patients dying of head injury have no evidence 
of fracture of the skull at necropsy. 

Traumatic pneumo-cephalus or an intracranial 
collection of air is a rare complication of fracture of 
the skull involving the accessory nasal sinuses, 
(Garland and Mattram). It may undergo spontaneous 
absorption and healing. 


The symptoms which may attend fracture of the 

skull and intracranial injury may be listed as, 
Acute: 

1) arterial hemorrhage--often of the middle 
meningeal artery which must be stopped by operative 
procedure. 

Chronic: 

2) subdural hematoma from bleeding which may 
praduce symptoms and disability within the first few 
days or which may not manifest itself for months or 
even longer. Air studies of the ventricular system 
and subarachnoid pathways or cerebral angiograms 
are often necessary for diagnosis or exclusion of this 
possibility. 

3) rupture of the arachnoid allowing cerebro- 
spinal fluid to be pumped into the subdural space with- 
out provision for its escape--this produces the same 
symptoms as a hematoma, 

4) contusion and laceration of the brain itself with 
associated edema which of course must be repaired by 
itself--rest alone can aid in such condition. 

Union of fractures of the skull is never attended 
with large amounts of callus as in fractures of the long 
bones. Healing of fine linear fractures with partial or 
complete obliteration of the fracture line may be ex- 
pected in a fairly large number of instances (Stewart). 
In children, such fractures may be obliterated in three 
months; in adults, healing with obliteration of the frac- 
ture line takes longer. If there has been any material 
separation of the fragments the line of fracture may 
be readily visible years later and indeed may never 
be completely effaced. Just what governs the union or 
nonunion of these fragments is not known. It is felt by 
some that if the pericranium is ruptured, bony union 
will not take place; others feel that the arachnoid is 
the prime structure concerned in repair. 

In very fine “microfractures” of the skull es- 
pecially in very thin bones like the squamous portion 
of the temporal, attention must be directed to the use 
of stratigraphic examination. Demonstration of such 
fine linear fractures has been pointed out by Agazzi, 
et al. “Demonstration of Microfractures of Temporal 
Bone by Means of Stratigraphic Investigation” by 
Agazzi, C., Cova, Pl. and Senaldi, M. Pract. oto- 
rhino-laryng, 19:143, 1957. 

Caldwell et al. have outlined a similar use for 
laminographic examination for the thin portion of the 
mandible in the temperomandibular area. The frac- 
ture, easily overlooked in the ordinary roentgenogram, 
was readily visible on laminographic examination, 
thru the thin portion of neck of the condylar process. 

After-effects of fracture of the skull depend upon 
the severity and nature of the injury to the brain struc- 
ture (Glasser and Shafer; Osmond and Gross). Injuries 
over the motor area may be followed by epilepsy even 
years later. Traumatic cysts may develop and subdural 
hematomas may give rise to intracranial symptoms. 
Various studies have shown that in an appreciable num- 
ber of instances, less severe effects such as nervous- 
ness, irritability, headaches, change of personality, etc., 
may develop. Localized thinning of the skull detectable 
in the roentgenogram may develop within a few months 
from pressure of a subdural hematoma or an intra- 
cranial traumatic cyst or hygroma, (Childe). 

Davidoff and Dyke reported a condition known as 
relapsing juvenile chronic subdural hematoma. 
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FRACTURES OF THE MANDIBLE AND BONES OF FACE 


FRACTURES OF 
2 THE MANDIBLE. * 
Ny Fractures of the 
mandible occur most 
frequently through 
c the angle or through 
the body just anteri- 
or to the angle (A). 
The proximal frag- 
ment is pulled forci- 
4 bly upward and me- 
dially by the power- 


Fig. 26 ful masseter muscle. 
Fracture of Mandible If wiring of the teeth 
A--Angle; does not hold the 


B--Condylar Process; 


fragments in position 
C--Coronoid Process. ag po ’ 


in may be necessary 
to resort to other 
methods. Under suitable conditions, the proximal 
fragment can be forced down and maintained in posi- 
tion by an intradental splint. If necessary Kirschner 
wires may be placed through the fragments. 

Fracture of the condylar process (B) may eas- 
ily escape detection in the ordinary film; special ex- 
amination of temporomandibular joint must be made 
since fracture of this process frequently results 
from forcible closure of the mouth after dislocation 
on one or both sides of the jaw. Norgaard has de- 
vised a special position for roentgen examination of 
the condylar process which is, at times, very helpful 
in visualizing such fractures (qv). 

Fracture of the condylar process is frequently 
associated with dislocation of the tempero-mandibu- 
lar articulation with the upper fragment displaced 
medialward (B). The fragment is very difficult to 
replace and it may be impossible to reduce the dislo- 
cation or even to remove the fragment surgically. 
Strangely enough function is often reestablished with 
a fairly good result even though the dislocation can- 
not be reduced. 

Fracture of the coronoid process (C) can us- 
ually be readily detected and only requires immobil- 
ization for its treatment. 

Fracture of the mandible near the symphysis 
may completely escape detection in the ordinary lat- 
eral view. Frontal view of the mandible is the best 
method of detecting 
the presence and ex- 
tent of such injuries. 


FRACTURE OF 
HYOID BONE. Frac- 
ture of the hyoid bone 
is a very rare condi- 
tion, but can lead to 
very serious compli- 
cations. Papavasilion 
has pointed out that 
associated subcutan- 
eous emphysema may 
even prove fatal, 
necessitating prompt 
tracheotomy to pre- 
vent its occurrence. 





Fig. 27. Fracture of Sym- 
physis of Mandible. 





A. Fracture of Zygomatic Arch and Antrum. 


B. Fracture of Zygomatic Arch and Antrum-- 
Profile View 
Fig. 28 


In interpreting x-ray films of the hyoid bone 
several pitfalls should be avoided: 

a) It is easy to interpret as a fracture the nor- 
mal line of radiolucency between the ununited body 
and greater cornu of the hyoid bone. 

b) The usually ununited lesser cornua may be 
mistaken for fragments of the hyoid bone. 

c) Sometimes only a small area of the thyro- 
hyoid ligament, close to the hyoid bone, ossifies. 
This may be misdiagnosed as a fragment. 

d) Radiolucent lines due to air in the upper air 
passages of the neck might give the false impression 
of a fracture. 

e) In the oblique views of the spine, one cornu 
is slightly displaced above the other. This should not 
be interpreted as a dislocation. 


FRACTURE OF THE BONES OF THE FACE,* 
ZYGOMATIC ARCH, and ANTRUM. Fracture of the 
zygomatic arch is most frequently produced by a di- 
rect blow applied to this region. Fracture and depres- 
sion of the arch is best shown by Titterington’s Posi- 
tion (A) or by the tangential view as shown in basal 
view of the skull (B). Frequently caving in of the an- 
trum is associated with such injuries and the orbit 
may be involved. Depression of the lateral wall of the 
antrum and zygomatic arch may be corrected by in- 
serting a hook beneath the depressed bony fragment 
and pulling outward to normal position. 

Another common fracture is that of the nasal 
bones, from direct trauma. 
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FRACTURES OF THE MANDIBLE AND BONES OF FACE (Continued) 


FRACTURE OF THE 
MAXILLA AND PALATE. A 
direct blow to the malar 
prominence of the maxilla 
depending upon its strength 
may cause four separate 
fractures: 1) a fracture of 
the lateral wall of the maxil- 
lary antrum 2) a fracture of 
the floor of the orbit 3) a 
fracture of the zygomatic 





arch 4) a fracture of the frontal process of the malar 
bone or a separation of this process at its articulation 
with the angular process of the frontal bone. 

Immobilization is best secured by wiring of the 
teeth, or if these are not available, by an intradental 
splint. 

Fractures of the teeth (B) show as linear shad- 
ows running across the tooth structure. 





FRACTURES OF THE SPINE--CERVICAL* 


Fracture of the spine is of especial importance, 
not only on account of its function of weight-bearing 
and motion, but particularly on account of its function 
of protection to the spinal cord. 

The cervical spine is composed of vertebrae, 
relatively small in size but permitting a wider range 

.of movement than any other portion of the spine. 
Fractures of this region of the spine must be consid- 
ered more in the light of restriction of normal mo- 
tion, than with regard to their weight-bearing func- 
tion. Owing to the extreme flexibility of this portion 
of the spine, fractures in this region are very apt to 
result in displacement and injury to the spinal cord. 
Injury or compression of the cord above the third 
cervical is very dangerous on account of injury to the 
brain stem and structures giving rise to the phrenic 
nerve; patients suspected of injury to this region 
should be handled with great care until preliminary 
examination has definitely excluded gross deformity. 











A. Upper Cervical Spine-- B. Upper Cervical Spine-- 
Normal Lining--A-P Norma! Lining--Lat. 


Fig. 30 


Fig. 30A shows the scheme of the lining of the 
normal cervical spine in the antero-posterior view. 
The atlas and axis articulate by four joints: 

1) Anterior ring of the atlas with the odontoid 
process of the axis permitting rotary motion. 

2) Posterior surface of the odontoid process and 
the transverse ligament of the atlas, which arches 
across behind, and is the only structure preventing 
forward luxation of the head. 

3 and 4) The two joints between the lateral 
masses on either side. 

The margins of the joints between the lateral masses 
should be parallel and equidistant. Perpendicular 
lines drawn through the extreme edges of the joints 
should be equidistant. The spinous process should be 
exactly in the midline. If these relationships are 
present, it may be confidently assumed that the rela- 
tionship is normal. 

Fig. 30B shows the scheme of lining of the nor- 
mal cervical spine in the lateral view. Lines drawn 
along the anterior and posterior margins of the upper 
cervical vertebrae should be parallel; the posterior 
line, extended upward should fall closely along the 
posterior surface of the odontoid process. A third 
line, parallel to the other two lines, drawn through 
the anterior edge of the posterior tubercle of the axis, 
shows the posterior tubercle of the axis to be well be- 
hind this line. In other words, the posterior tubercle 
of the first cervical vertebra never extends anterior 
to the posterior tubercle of the second cervical ver- 
tebra in normal relationship. 


Deviation of the head from rotation, or flexion 
with lowering of the chin may cause variation in these 


normal relationships so that one must be on guard 
against false interpretation of subluxations from such 
cause. (See dislocations of cervical spine, traumatic, 
p. 48; spontaneous, p. 66.) 
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FRACTURES OF THE SPINE (Continued) 


FRACTURE CERVICAL SPINE--ODONTOID. 
Fracture of the odontoid process of the second cervi- 
cal vertebra is a very dangerous fracture with which 
we have to deal. The odontoid or toothlike process, 
projecting upward from the anterior portion of the 
second cervical vertebra, articulates anteriorly with 
the inner aspect of the ring of the first cervical ver- 
tebra, being held in place posteriorly only by a fibrous 
ligament extending behind the process from one side 
of the bony ring to the other. 

In fractures of this process, little if anything re- 
mains to hold the head upright in its normal position 
and the upper fragment is carried forward with the 
head and first cervical vertebra. Forward displace- 
ment of the head and upper fragment is characteristic 
of this fracture. 

This is usually clearly shown in a disturbance 
of the normal scheme of lining of this region. In the 
lateral view, the posterior tubercle of the first cervi- 
cal vertebra slips forward to a position in front of the 
posterior tubercle of the second vertebra; this is al- 
ways evidence of fracture of the odontoid process, 
provided the examination is made in a due lateral view 
and there is no evidence of anomalous development. 
Application of traction apparatus to the head (Krutch- 
field tongs) for several weeks holds the parts in nor- 
mal relationship and minimizes the possibility of fatal 
compression of the cord. 


Blockley and Pruser in an analysis of fracture 
of the odontoid process in 51 cases found that in chil- 
dren under seven years of age, the injury amounts to 
a separation at the epiphyseal plate; the displacement 
is always forward and bony union always results. 
Whereas in persons over seven years of age there 
may be no displacement in one-fourth of the cases, 
in the remainder, forward displacement predominates 
two to one. Bony union occurs in about one-third of 
the cases; while absence of bony union is present in 
the remaining two-thirds. 





Fig. 31. Fracture of Odontoid Process 
of Second Cervical, 
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FRACTURES OF THE SPINE (Continued) 


FRACTURE CERVICAL 
SPINE--RING OF FIRST 
VERTEBRA. A frequent in- 
jury to the first cervical ver- 
tebra is fracture of the ring. 
Unless this is associated with 
other injury to the upper cer- 
vical vertebrae and displace- 
ment, it usually does not 
cause much disability. To 
demonstrate a fracture of 
this sort (A), it may be nec- 
essary to tilt the head side- 
wise during examination so 
as to secure unobstructed 
views of the two sides of the 
ring. Complete fracture of 
the ring of the first vertebra 
can sometimes be detected by a defect in the normal 
schemes of lining of this region showing wider sep- 
aration between the two articular processes due to 
spreading of the ring. 

Fractures of the ends of the spinous processes 
(B) are less dangerous although they may give rise 
to some pain and disability owing to their ligamen- 
tous attachments. 





Fig. 32 
A. Ring of First 
B. Spinous Process 


FRACTURE CERVICAL 
SPINE--COMPRESSION FRAC- 
TURE. Another common frac- 
ture of the cervical spine is 
compression of the vertebral 
bodies; this usually occurs low- 
er down in the region of the 
fourth, fifth, or sixth cervical 
vertebra. Sudden forced flexion 
of the head produced by striking 
the top of the head on the top of 
an automobile, results in an un- 
due amount of pressure being 
brought to bear on the vertebral 
bodies, producing compression 
of the cancellous bone. The 
compression is usually at the 
anterior margin. Fractures of this sort are best 
treated by fixation in hyperextension; this takes all 
undue pressure off the compressed bodies and re- 
moves any hinderance to resuming their normal 
shape. Ankylosis of the injured segment of the spine 
by outgrowths of bone bridging across the vertebral 
spaces results in limitation of motion of this segment 
of the spine, but accomplishes permanent splinting, 
relieving pain. 

Increase in the thickness of the prevertebral 
soft tissue space is very suggestive of bone or soft 
part injury causing hematoma. Loss of the normal 
lordotic curve may be due to spasm resulting from 


injury. 





Fig. 33. Compres- 
sion Fracture of 
Fourth. 


WHIPLASH INJURY. Whiplash injury causing 
fractures of the spinous processes of the lower cer- 
vical and upper dorsal spinous processes similar to 


those seen frequently in clay shovelers, has been re- 
ported by Gershon-Cohen. 

Taylor has demonstrated a thickening of the 
ligamentum flavum and injury to the spinal cord in 
the neck from trauma to the cervical region without 
fracture of the cervical spine. This occurs from sud- 
den acute forced flexion. Filling the spinal canal with 
opaque material such as “ Pantopaque” and examination 
with x-rays (myelography) discloses a thickening of 
the ligamentum flavum on acute backward extension, 
it is not seen when the neck is held in flexion. 

Gotte has investigated the symptoms of many 
such cases, (Gotte, Nicholas, Jama 162:865, Oct. 27, 
1956). Briefly, the symptoms were usually of a pat- 
tern. In the acute state--at the time of the accident-- 
the sensation of being dazed or bewildered was followed 
in a few minutes to several hours later by headache 
and nervousness, with neck soreness and tenderness. 
With these symptoms there were rather rapidly asso- 
ciated profound emotional reactions. 





A. Lateral 


B. Anteroposterior 
Fig. 34. Fracture of Articular Process. 


FRACTURE CERVICAL SPINE--ARTICULAR 
FACETS. Fractures of the articular facets are usually 
accompanied by dislocation of the vertebrae with con- 
sequent danger of pressure on the cord and interfer- 
ence with motion. Wherever malalignment exists, ap- 
plication of traction tends to relieve muscle spasm 
and reduce the displacement; any manipulation of 


fractures or dislocations of the cervical spine must be 


done by an expert surgeon skilled in this procedure. 
Injury to the spinal cord without fracture may 


occur from hyperextension injuries of the neck. (See 
Other Effects of Trauma.) 

A complete fracture dislocation of the spine at 
the level of the 6-7 cervical vertebra has been re- 
ported by Hinck where the dense sclerotic ankylosed 
segments were completely severed en masse with 
forward displacement of the upper segment for the 
full width of the vertebral structures. With traction 
immobilization complete recovery occurred without 
material nerve symptoms. 
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FRACTURES OF THE SPINE--DORSAL AND LUMBAR 


A. Compression Fracture 
of 8th D. 





B. Compression Fracture 
3d Lumbar Vert. Lat. 





C. Compression Fracture 
3d Lumbar Vert, A-PF, 


Fig. 35 


FRACTURE DORSAL AND LUMBAR SPINE-- 
COMPRESSION.* In the dorsal and lumbar regions 
the most common type of fracture is compression 
fracture of the vertebral bodies. Such fractures are 
due to excessive flexion of the spine with extreme 
force applied to the cancellous portion of the body; 
this is the weakest portion of the bone. Compression 
fracture may occur from violent muscular contrac- 
tion as seen in metrazol, insulin or electric shock 
convulsions in treatment of Schizophrenia. Com- 
pression fractures of the vertebrae from this cause 
are most frequently seen in the upper thoracic re- 
gion, in the 3d to 5th vertebrae. 

Roentgenologically, they present a cupping ap- 
pearance of the upper vertebral margin without ante- 
rior compression and are thought therefore to be due 
to “disc repercussion” rather than hyperflexion as in 
other compression fractures. Kelly has found that 
such spinal injuries occur in 1%of the cases. 

Posteriorly the vertebra is supported by the 
heavy articular processes, but anteriorly the spongy 
cancellous structure of the body is not so resistant to 
the effects of trauma. The interarticular cartilaginous 
disc, being elastic, returns to its normal width after 
compression, while the cancellous body remains 
wedge-shaped from the effect of the trauma. It is the 
preservation of the interarticular cartilaginous disc 
which is a point in differentiation between compres- 
sion fracture and actual disease processes of the 
bone, such as tuberculous spondylitis. Tuberculosis 
destroys the cartilage as well as the adjacent bony 
structure of the vertebral body; the elastic properties 
of cartilage are of no avail against the ravages of the 
disease. Ordinarily, compression fractures involve 
the upper anterior aspect of the body and do not in- 
volve the surface of the immediately adjacent body. 
It is true that destruction of the vertebral body from 
secondary malignancy may leave the cartilage intact, 
but such conditions are usually readily recognizable 
by the fact that the wedge-shaped deformity follows 
only after extensive destruction of the bone. 

A fine linear groove or channel running from 
before backward through the body of a vertebra must 


not be mistaken for a linear fracture; this is the 
site of nutrient artery and its pathway may remain 
visible even into adult life. 

Compression fractures are therefore attended 
with kyphotic deformity, which may be so great that 
the posterior margin of the vertebral body is 
pressed backward encroaching on the spinal canal; 
compression or injury to the cord is, of course, 
the most serious complication which can exist with 
this fracture. Since the cord proper terminates 
about the level of the second lumbar vertebra, en- 
croachment on the spinal canal in compression 
fractures below that level is not of such great impor- 
tance. 


TREATMENT. Compression fractures may be 
best treated by fixation in ayperem ons ce. The pa- 
tient lies prone, supported under the chest and pelvis, 
allowing the body to sag forward; a plaster-of-Paris 
jacket is applied in this hyperextended position. Or 
the patient may lie on his back on a flexible Bradford 
frame to accomplish the same degree of hyper- 
extension. In many instances this results in almost 
perfect reestablishment of the normal shape of the 
body. Fixation should be maintained for at least 
several months; in severe cases the months may 
well be spent in bed. Roentgenographic examina- 
tion usually does not show material evidence of 
healing in less than three months; the first mani- 
festations are usually processes of new bony 
growth springing from the margins of the verte- 
bral bodies ultimately bridging across from the 
injured vertebra to the one above and below, 
Nature’s effort to immobilize this segment of the 
spine. At times, especially where the degree of 
injury has not been so great, new bone formation 
is very slow to form, and in certain instances new 
bone formation may be almost impossible to detect. 
Baker has pointed out that magnification technique 
of the finer bony structure may be of great aid in 
deciding the degree of bone formation. 
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FRACTURES OF THE SPINE--DORSAL AND LUMBAR (Continued) 


(Fig. 35F, 2 and 5). These semicircular defects seen 
on radiographic examination caused by Schmorl’s 
nodes usually do not interfere materially with spinal 
function unless there is associated thinning of the disc. 

McRae has pointed out that herniation of the 
intervertebral disc must be very common, from his 
investigation of anatomical specimens and that rela- 
tively few give disabling symptoms. 


SCHMORL NODES.* According to Schmorl, 
“the affection begins with a diminution of the fluid 
content of the nucleus pulposus, resulting in the for- 
mation in the latter of cracks and fissures running in 
all directions, which sometimes can be recognized in 
the roentgenogram owing to their content of air (vac- 
uum phenomenon) whereby it, as pointed out by Knuts- 
son, becomes possible to diagnose an incipient osteo- 
chondrosis. If the process progresses, the nucleus 
shrinks and gradually loses its elasticity and ability 
to expand; and at the same time the height of the disc 
diminishes. The degenerative processes are, how- 
ever, confined to its central part whereas, the fibrous 
ring remains intact. But as a result of the collapse 
of the disc and the reduced or entirely lost capacity 
of the nucleus for expansion, the fibers of the ring 
become slack and thus a possibility arises for the 
vertebral bodies to become slightly dislocated in re- 
lation to each other. To the continuous small trau- 
mata to which their surfaces thereby become ex- 
posed they react by sclerosis. The slacking of the 
fibers of the ring readily explains the possibility for 
displacement of the vertebral bodies in relation to 
each other, as a result of which a so-called pseudo- 
spondylolisthesis may develop”, (Chrom). 


No specific symptoms may be produced unless 
the disc protrudes posteriorly into the spinal canal 
and causes pressure on the cord, (Fig. 37F 3). This 
can be demonstrated by Pantopaque injection into the 
spinal canal or by air injection (see chapter on My- 
elography), or by direct injection of opaque material 
into the disc--discography (see Manual of Roentg. 
Technique). Such protrusions occur most frequently 
in the lower lumbar region (96%) the site of greatest 
trauma from weight bearing but they may occur in 
any location in the spine. (See myelography and dis- 
cography for their detection.) Various injuries and dis- 
eases of the spine may be complicated by involvement 
of the nucleus pulposus (see osteoporosis of spine). 


Raaf has analysed records of 905 patients, 
aged 11-81 on whom 954 operations have been done 
for protruded disc. 

72% both clinical diagnosis and Pantopaque 
studies correct. 

7% both incorrect. 

11% clinical diagnosis correct, Pantopaque 
studies incorrect. 

10% Pantopaque studies correct, clinical 
studies incorrect. 

Overall results from surgery: 
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Fig. 36. Fracture Transverse Processes. 


Results: Excellent 43% 


Good 37% 
Fair 14% 
Poor 6% 


Lindbom has stressed injury to the interverte- 
bral discs without immediate evidence of their in- 
jury. Subsequent examination months later may show 
development of fine calcium deposits within any loca- 
tion in the spine. Various injuries and diseases of 
the spine may be complicated by involvement of the 
nucleus pulposus (see osteoporosis of spine). 


Woolsey has pointed out, that, the symptoms of 
spondylolisthesis are low back pain, often combined 
with unilateral or bilateral sciatica. Instability of 
the fifth lumbar vertebra, with progressive forward 
slipping, is considered the cause of the symptoms 
and signs encountered in these patients. Rupture of 
the intervertebral disk is frequently blamed for 
sciatica when this symptom is prominent. The 
physical signs are usually radicular and involve the 
fifth lumbar and first sacral roots unilaterally or 
bilaterally. Occasionally there is hypesthesis in- 
volving the lateral aspect of the calf and foot. The 
ankle jerk may be absent. Atrophy of the calf is not 
common but may occur. 


Instability of the fifth lumbar vertebra is not 
sufficient to explain this group of symptoms and 
signs. Many persons have known spondylolisthesis 
with no symptoms of any kind. Progressive slipping 
demonstrated roentgenographically is a rarity. The 
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FRACTURES OF THE SPINE--DORSAL AND LUMBAR (Continued) 


degree of forward slipping has little relation to the 
severity of symptoms and signs. I have observed 
severe back pain, sciatica, hypesthesia of the fifth 
lumbar and first sacral dermatomes and absence of 
the ankle jerk in a person with prespondylolisthesis. 
Three patients have had a disk rupture associated 
with a fibrous isthmus or prespondylolisthesis, but 
there was no question of the diagnosis in their cases; 
the history, physical and myelographic signs were 
all definitely indicative of herniation of the nucleus 
pulposus. 


Thirty-six patients with various degrees of 
spondylolisthesis have undergone removal of the 
neural arch and spine, with dissection of both pedi- 
cles of the fifth lumbar vertebra. The results are 
encouraging and indicate the fusion is rarely neces- 
sary. Patients with prespondylolisthesis only are 
likewise relieved of back pain and sciatica by this 
technic. Since the results of simple laminectomy 
are usually good, fusion should be reserved for those 


patients who are not relieved by simple laminenctomy. 


In such cases fusion can easily be done as a second- 
ary procedure. In this series fusion has been done 
in 2 patients with satisfactory results. 


FRACTURE--LUMBAR SPINE--TRANSVERSE 
PROCESSES. Fractures of the transverse processes 
of the lumbar vertebrae are usually multiple. They 
are the result of muscular pull, rather than direct 
trauma to the spine. The shadow of the psoas mus- 
cle is often obliterated on the involved side where the 
injury is severe and the displacement of the frag- 
ments may be very great. This is probably due to 
injury to the muscle and associated hemorrhage from 
the trauma. If the fragments of the processes show 
little separation, complete bony union may result 
after two to three months with relatively slight dis- 
ability, but if there is wide separation of the frag- 
ments, bony union may never take place due to inter- 
position of the muscle. Such a condition results in 
lasting disability and frequently produces a greater 
degree of residual impairment of function than sim- 
ple compression fracture of a vertebral body. Since 
these processes which normally give attachment to 
muscles are not firm, the muscles cannot act with 
the same effectiveness. Under such conditions there 
may be pain on attempts at heavy lifting. If nonunion 
occurs the margins of the fragments become smooth 
and rounded. 


FRACTURE--LUMBAR SPINE--ARTICULAR 
PROCESSES, “SHEARING FRACTURE,” (Fig. 37). 
The articular processes are strong bony structures; 
an extreme degree of trauma is usually required to 
produce their fracture. Whenever they are broken, 
there is usually associated displacement of the ver- 
tebra with more or less encroachment on the spinal 
canal (A). Displacement under such conditions is 
usually to one side or the other. Traction to reduce 
the displacement and fixation to promote healing is 
the usual treatment. Not less than three months and 
frequently six to nine months or even longer is nec- 
essary for complete repair. Rarely slight fractures 
of the tips of the articular processes occur without 
spinal displacement (B). These may be very small 
and are easily overlooked. They may be quite painfu 
and should always be searched for where there is 





Fig. 37A. Fracture Articular 
Processes with Displacement 
“Shearing Fracture.” 


Fig. 37B. 
Oblique View. 


unexplained pain. Care should be taken not to confuse 
such fractures with developmental anomalies which 
sometimes occur in this region. 


Oblique views of the spine (Fig. 37B) taken on 
both sides for comparison, should always be made 
where there is any suspicion of injury or other path- 
ology in the articular processes or apophyseal joints. 
Fractures in this region may be very easily over- 
looked, (Scott). Fractures of such processes and of 
the pars interarticularis of the neural arch may heal 
even when bilateral, (Roche). 


FRACTURE--LUMBAR 
SPINE--SPINOUS PROCESS. 
Fractures of the spinous 
processes are usually due 
to direct violence applied 
to these projecting bony 
prominences. Such frac- 
tures are very rare, they 
are not usually associated 
with other spinal fractures 
and consequently are not 
as dangerous as other 
types. They usually heal 
by firm bony union in 
about three months without 
much disability, but if they 
show much separation, 
firm bony union may not 
take place. 

Weinbren has empha- 
sized the value of tomog- 
raphy for detailed exami- 
nation of the spine, for the 
detection of small frac- 
tures. (Acta Radiol. 

Suppl. 116; 184.) 





Fig. 38 Fracture 
Spinous Process, 
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FRACTURES OF THE PELVIS 


ree 








Fig. 39. Fractures of Pelvis. 


FRACTURES OF THE PELVIS (Fig. 39). The 
most frequent site of fracture of the pelvis is through 
the horizontal and descending rami of the pubis 
(A). Fractures in this location especially if they are 
near the symphysis or if they show wide displace- 
ment are apt to be associated with injury to the blad- 
der or deep urethra. Any injury to these structures 
is of much greater importance than the fracture of 
the bones. The rami of the pubis form the bounda- 
ries of the obturator foramen, and any disturbance 
in position may encroach upon this opening. This is 
of little significance, however, since the obturator 
foramen transmits only the obturator vessels and 
nerve. It is covered by a fibrous membrance which 
gives attachment to three muscles, obturator inter- 
nus, externus and pyriformis, structures which are 
not easily damaged. The fracture line may be very 
near the symphysis or in rare instances the injury 
may be represented by complete separation of the 
symphysis pubis. 


Such fractures represent a complete break in 
the bony pelvic ring, and if they are associated 
with much displacement, sacroiliac separation is 
likely to become a very distressing complication. 
Extreme deformities of this sort have been en- 
countered, where one entire side of the pelvis has 
been displaced upward for several inches. 


Many fractures of the pelvis need only be 
treated by recumbency for a few weeks. More seri- 
ous injuries with greater displacements require re- 
duction and immobilization in plaster. Others re- 
quire traction, but some with separation of the two 
halves of the pelvis can be adequately treated by 
lateral recumbency, in which the body weight brings 
the structures back to their original position. 


Avulsion of the tuberosity of the ischium, 
Ischial Apophyseolysis, as a result of muscle pull 
due to trauma from excessive previous exertion is 
not too unusual according to Milch. A large cres- 


centic fragment of bone is pulled loose from the 
ischium accompanied by pain, soreness andswelling. 
Operative investigation, if recent, shows hemorrhage. 
Recovery occurs with reunion of the fragment. I is 
most apt to occur in males between 12 and 25 years 
of age. 


Fracture of the rimof the acetabulum may occur 
with separation of a bony fragment. These may be 
associated with dislocation of the femoral head. They 
usually heal with deformity and disability. Fracture 
of the body or wing of the ilium (B) is probably next 
in frequency of pelvic fractures. Such fractures rare- 
ly produce much difficulty. 


The sacrum is a heavy bone forming the key- 
stone of the pelvic ring; it is well protected by bony 
prominences and soft tissue pads and is therefore 
rarely fractured. Fractures of the sacrum do occur 
(C), however, as a result of sitting down hard, such as 
accidents occurring while skating. It is quite possi- 
ble that fractures of the sacrum are more frequent 
than we suppose, since the natural concavity of the 
sacrum would favor obscuring of the fracture line 
when examination is made in the usual way, in a great 
number of instances. In order to minimize errors 
of diagnosis in this region, it is well, wherever the 
sacrum has been subjected to severe trauma, to 
make the anteroposterior examination from two an- 
gles; the first, the usual inclination of the princi- 
pal ray down the axis of the pelvis, and a second, 
with the principal ray centered lower and directed 
more upward towards the head. 


The multiple foramina which traverse the 
sacrum serve to weaken the bone to some extent. 
Transverse fractures are very apt to extend 
through these openings, from side to side; whereas 
longitudinal fractures may occur going through 
these foramina in a vertical plane parallel to the sac- 
roiliac joint. Since they transmit the sacral nerves, 
such fractures may be very painful, at least for the 
first few days or weeks. Repair soon takes place, 
however, the pain subsides, and there is rarely any 
material lasting disability. Protection is usually the 
only treatment necessary and union usually occurs 
within six to eight weeks. 


The coccyx is more subject to trauma (D), from 
accidents in which extreme force is applied in the sit- 
ting position. A definite line of fracture must be dem- 
onstrated before a diagnosis of fracture is made, how- 
ever, since this bone is subject to wide variations in 
normal individuals. Definite fractures of the coccyx do 
occur sometimes with considerable displacement of 
the fragments. After manual reduction of the fragments 
through rectal palpation, time and protection is all that 
is required for healing--usually one to two months. At 
times such fractures are very painful. This is ordi- 
narily due to fibrosis and development of arthritis at 
the sacrococcygeal joint; under such conditions re- 
moval of the fragment may have to be resorted to. 
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TOMOGRAPHY IN FRACTURES 


Fagerberg has made a very intensive study of 
the normal and injured knee. Comparison of tomo- 
grams and standard radiograms of anatomical speci- 
mens with fractures and defects produced experi- 
mentally shows the absolute superiority of the tomo- 
graphic method, especially when the lesion is situated 
in the tibia, in the intercondylar fossae, or in the an- 
terior and posterior ports of the lateral condylar 
surface, where cortical defects with a diameter of up 
to 1.5 cm can otherwise be overlooked. When com- 
pression of the spongiosa is present the changes of 
the lesion being visualized by standard radiography 
are markedly increased. Fissures are easily over- 
looked by both methods, especially if they lie parallel 
to the longitudinal axis of the bone. 

A series of 174 clinical cases is made up as 
follows. 


a. 126 cases of intra-articular fracture. 

i) 106 fractures unequivocally visible on stand- 
ard radiography, where tomography provides a better 
means of judging the degree and extent of the lesion. 
The greater the abnormality the more superior is 
tomography. 

ii) 12 cases where the standard frontal and 
lateral films indicate only the presence of a skeletal 
lesion, usually by revealing compression of the can- 
cellous bone, but where the tomograms localize and 
exactly define the lesion. This group also includes 
fractures visible on the radiograms only after scru- 
tiny of the tomograms. 

iii) 8 fractures visible only on tomography. 
These are situated in the posterior or middle part of 
the lateral condylar surface of the tibia, the depres- 
sion of the joint surface not exceeding 2 mm and no 
compression of the spongiosa being present. 


b. 33 cases with no signs of fracture on standard 
radiography and tomography, where the absence of 
haemarthrosis or the presence of haemarthrosis 
without fat-drops has been taken as indicating the 
absence of fracture. 


c. 15 cases with no signs of fracture, but with 
haemarthrosis with fat-drops, were considered to 
consist of overlooked fractures and injuries of the 
fat-pad (4 cases were inadequately examined, and 2 
cases were admitted with subluxation of the patella). 


TOMOGRAPHY IN EXAMINATION OF MENISCI AND 
LIGAMENTS OF KNEE 


Tomo-arthrography in the examination of the 
menisci and cruciate ligaments is a very important 


consideration. The normal menisci were studied in 
anatomical specimens and in a series of 50 normal 
cases, the method being compared with standard 
radiography. With the exception of the anterior horn 
of the medial cartilage, the menisci are correctly 
visualized by tomography, but regularly appear less 
sharply than on standard radiography. Recesses and 
bursae are usually effectively blurred out, but the 
anterior and posterior capsular attachments of the 
menisci are difficult to assess owing to residual 
shadows, sometimes incorrectly interpreted as a 
loosening from the capsule. 

Experiments and studies on a small clinical 
series of meniscus injuries indicate that the extent of 
a lesion and the presence of displaced fragments are 
easier to judge by tomography. Even transverse 
tears can be demonstrated. On the other hand, owing 
to increased blur and impaired contrast, the lesions 
appear less distinctly, and if the contrast medium is 
dilute they may be overlooked altogether. For that 
reason there seems to be no indication for introduc- 
tion of tomoarthrography into routine examination, 
although the diagnosis may be facilitated in certain 
cases such as joints with large bursae and recesses 
or with a complicated structure. A few cases are 
described, one of them showing a false diskoid 
meniscus. 

The normal anatomy of the cruciate ligaments 
is described in detail, together with tomo-arthrography 
in cases of intact and ruptured ligaments both in ana- 
tomical specimens and in a series of patients. The 
examination was performed only in lateral projection, 
with the knee flexed 45-909. The ligaments are 
visualized distinctly with only minor anatomical 
variations, and always better than by standard ar- 
thrography. Recent and old ruptures of the anterior 
part of the anterior ligament are always clearly 
demonstrated. The rare lesions at the tibial attach- 
ment of the posterior ligament, however, seem only 
to be demonstrable indirectly by the presence of an 
avulsed fragment of bone. Visualization of lesions 
at the upper attachment of either ligament is impossi- 
ble unless considerable displacement has taken place 
or the injury is old and the ligament atrophic. 

On the basis of limited experience it seems 
justifiable to conclude that tomo-arthrography is 
superior to standard arthrography in assessing nor- 
mal and ruptured cruciate ligaments. 

Finally, the value of tomography as a means of 
widening knowledge of the anatomy of the knee joint 
and of facilitating the interpretation of the standard 
films, is emphasized. 
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PRINCIPLES OF ROENTGENOLOGICAL TECHNIQUE 


QUESTIONS ON FRACTURES 


Questions marked with a dagger deal with rare and less-important conditions. 


. Describe briefly points to be considered in the analysis of all fractures. 


Show by diagram the usual site of fracture of the humerus, radius, ulna, scapula, clavicle, femur, pelvis, 
tibia, fibula. 


. Show by a diagram normal relationship of bones of wrist joint. 

. Show by diagram normal relationship of bones of elbow joint. 

. Show by a diagram the relationship of upper end of humerus to the scapula and clavicle. 

. Show by diagram normal relationship of bones of ankle joint. 

. Show by diagram normal relationship of bones of knee joint. 

. Show by a diagram the method of determining the normal relationship of the femur to the pelvis. 


. What views of the head are necessary to make a definite negative diagnosis of fracture of the skull? 


How would you determine depression of a fracture from a flat film of the skull? 


Under what conditions may depression of a fracture be present without showing a double line of bone 
density ? 


What are the most common types of fractures and manner of displacement of fragments in fractures of: 


(a) cervical spine, (c) lumbar spine (upper), 
(b) dorsal spine, (d) fifth lumbar vertebra? 


What are the characteristics of compression fracture of the spine? How would you differentiate com- 
pression fracture from tuberculosis of the spine? 


How long before new bone formation will show in a roentgenogram after a fracture, and upon what 
does it depend? Do fractures of the skull heal by new bone formation? 


What is the nucleus pulposus? What is its function? 

What are the roentgenographic manifestations of herniation of the nucleus pulposus ? 

How can retropulsion of the nucleus pulposus back into the spinal canal be detected? 

What is myelography and how is it performed? Of what value may it be in spinal examination? 


What dangers are encountered in the fluoroscopic reduction of fractures, and what safeguards are 
necessary to prevent injury to the patient and operator? 


Why is the use of a detached head fluoroscope dangerous? 


Under what circumstances may fluoroscopy be conducted safely at the bedside? 
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Chapter II 
DISLOCATIONS 


DISLOCATIONS OF THE UPPER EXTREMITY For the recognition of a dislocation in the 


radiograph it is necessary that the examination be 
Dislocations are usually quite evident clinical- made in correct standard position, otherwise it will 
ly, but even in such instances x-ray examination is be impossible to properly interpret the relationship 


ee to be sure that there is no coexisting frac- | which exists between the bones at tHe joint. 
e,. 


J . f 


“ Fig. 40B 


DISLOCATION OF RADIAL JOINT AT WRIST. 


CA 

Uncomplicated dislocations of the wrist joint are 
rare. When dislocation does occur it is usually 
associated with fracture of the palmar aspect of 
the radius and displacement of the carpus and hand 
palmarward (Smith fracture). Reduction is easily 
accomplished by pressure but retention in this posi- 

, tion requires continued pressure. The fractured 

f) fragment often cannot be held in satisfactory apposi- 


SS : tion for a good functional result. 


Fig. 40A. Dislocation Phalanges and Metacarpals 
DISLOCATIONS OF THE HAND.* The phalan- / 
geal (A) and the metacarpophalangeal (B) joints are C 
very frequently dislocated. The displacement of the 
distal portion may be either dorsally or palmarward. 


They usually are readily reducible by merely exert- Fig. 40C 

ing traction; occasionally, however, the head of the 

phalanx may slip through a rent in the capsule, 50 DISLOCATION OF THE ULNA AT THE WRIST 
that it protrudes between the tendons and the displace- JOINT. Spontaneous dislocation of the ulna at the 
ment cannot be overcome except by open operation. wrist joint occurs whenever the natural length of the 


Fracture dislocation of the proximal end of the radius is lost, either from injury or disease. In any 
metacarpal for the thumb is known as Bennett’s frac- | condition which arrests the natural epiphyseal growth 
ture. The fracture line goes into the carpo-metacarpal | of the radial joint, spontaneous dislocation will occur, 


joint usually separating off a triangular fragment as in Madelung’s Deformity. Rotary dislocation of 
from the medial one third of the metacarpal base. the ulna at the wrist joint from forcible rolling of the 
Due to pull by the thumb tendons, the large fragment wrist joint under great pressure, occurs in machinery 
is pulled proximally, while the small fragment re- accidents. These may very easily escape detection 
mains in place. Reduction cannot be maintained by a unless both wrists are examined in the palmar and 
plaster cast or by a splint. Continued traction is lateral views. They are sometimes very difficult to 
needed until bony healing has progressed well. reduce. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 
found in the pictorial supplement at the end of the chapter. 
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DISLOCATIONS OF THE UPPER EXTREMITY (Continued) 
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DISLOCATION OF THE WRIST. Two types of 
dislocation of the semilunar bone are encountered; 
(1) at its articulation with the os magnum (Fig. 414A), 
and (2) where it is dislocated at its articulation with 
the radius as well, with rotation palmarward. 
Since the scaphoid is part of the carpal articu- 
lation with the lower end of the radius it tends to 
follow when the semilunar is displaced palmarward 
but cannot because of its firm attachment to the dis- 
tal row of carpal bones, hence fracture of the sca- 
phoid is commonly encountered when there is dislo- 
cation of semilunar at the radial joint. Since the 
ligaments and tendons shorten quickly to accomodate 
themselves to the new position, it is urgent to at- 
tempt the reduction very soon after injury. 

The dislocation is produced with the hand bent 
far backward, in hyperextension, replacement there- 
fore must be effected with the hand in a similar 
hyperextended position (Fig. 41B). 


Since the radiologist is often called upon to 
assist the surgeon in the reduction of such disloca- 
tions a detailed account of his procedure may be 
helpful. 


Since the scaphoid and semilunar bone both 
enter into the wrist joint on one side and the carpal 
joint on the other, it is obvious that any derangement 
of the one would effect the other. Since the carpal 
joint between the semilunar and os magnum goes out 
in a position of extreme hyper-extension it is most 
readily reduced in a similar position with the hand 
bent far backward in a hyperextended position. The 
abnormally displaced semilunar, pressed palmar- 
ward by the superimposed os magnum causes it to 
form an abnormal prominence on the palmar side of 
the wrist which can be readily localized and trans- 
fixed by pressure of the thumb of one hand. At the 
same time, the thumb of the other hand, pressing the 
prominence produced by the os magnum on the dorsal 
side (because of the deficiency created by the for- 
ward displacement of the semilunar during extreme 
extension) will cause the margin of the os magnum to 
slip over the edge of the dislocated semilunar re- 
sulting in reduction of the dislocated joint. 


An unusual intercarpal dislocation of the entire 
distal row of metacarpal bones on the proximal row 
has been reported (Brewer and Zink). Dislocation of 
other carpal bones is rare. Dislocation of the pisi- 
form bone has been reported (Immermann). 


RK 


~Redrawn from March and Lampros. 
Fig. 41B. Fracture of the capitate with 180° rota- 
tion of the proximal portion of the head--a very rare 
fracture. 
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DISLOCATIONS OF THE UPPER EXTREMITY (Continued) 


Dislocatiow 
of 
Elbour 


A. Lateral B. Anteroposterior 


Fig. 42 


DISLOCATIONS OF THE ELBOW JOINT* 
(Fig. 42). Dislocations of the elbow joint are relative- 
ly frequent. The ulna alone may be completely dislo- 
cated backward (A and B) so that the lower articular 
surface of the humerus is in apposition with the an- 
terior surface of the ulna, the coronoid process pro- 
jecting upward into the position normally occupied by 
the olecranon process. Such dislocations are fre- 
quently accompanied by fractures of the coronoid 
process of the ulna; if this is the case, the elbow must 
be held in acute flexion until partial healing has oc- 
curred, since any attempt to straighten the elbow may 
result in spontaneous redislocation. Many stages of 
partial dislocation due to rotary motion are encoun- 
tered, but these can easily be recognized from the 
configuration of the bones. The radius may be dis- 
located also, (Burman et al). 

Such dislocations are produced by extreme 
extension--consequently they must be reduced by the 
same mechanism. Using the forearm as a lever, 


\ 


C. Dislocation of Radius 


hyperextend at the elbow joint; this presses the tip of 

the olecranon process against the humerus, thus lift- 

ing the coronoid process away from the fossa and re- 
moving the only obstacle to reduction. Flex the elbow 
and maintain in this position for a few days or a week 
to permit healing of the torn ligaments. 

Dislocation of the radius alone at the elbow joint 
(C), is usually accompanied by fracture of the upper 
end of the ulna, (Montleggia fracture-dislocation). 

The fracture of the ulna may be so severe that the 
dislocation of the radius is actually overlooked. Since 
the head of the radius is a plane surface, the reduction 
of the dislocation itself is usually much easier than 
replacement of the fracture. 

Meschan’s name is also associated with anterior 
dislocation of the hip under the anterior superior iliac 
spine. 

Similar anteromedial dislocation of the head of 
the radius with paradoxical crossing of the radius pro- 
ducing supination deformity of the forearm may be 
produced without fracture of the ulna, (Burman). The 
force of the suddenly contracted biceps muscle, acting 
upon the radius with the elbow in a position of flexion 
and supination causes the paradoxical crossing of the 
radius to the opposite side resulting in supination de- 
formity. This results in a very disabling contracture. 


DISLOC ATIONS OF THE SHOULDER.* The shoul- 
der is probably the most frequent site of dislocation in 
the body. The wide range of motion, the rather flail 
capsular ligament and the extent to which the muscula- 
ture is depended upon to maintain this inherently unstable 





A. Subcoracoid 


B. Subglenoid 
Fig. 43 


joint in place, all motivate to its easy dislocation. 
In no other location in the body is it so essential 

that the roentgenographic examination be made in 
absolutely correct standard position, i.e. with the 


arm down by the side, palm forward, Rotation of 
humerus in the normal! joint caused by allowing 


the palm of the hand to be directed backward, or by 
flexion of the arm across the chest, will result ina 
roentgenogram which may readily simulate disloca- 
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DISLOCATION OF THE UPPER EXTREMITY (Continued) 


N 
C. Dislocated 
tion of the bones. When taken in standard position at 
least one third of the articular surface of the humer- 
us should be parallel to and in proper relationship 
with the glenoid of the scapula, to indicate the joint is 
in proper place. 

Dislocation common at the shoulder joint are 
subcoracoid (A) and subglenoid (B), both of which 
are produced in similar fashion by forcible pro- 
trusion of the head of the humerus through the weak 
inferior portion of the capsule. Such dislocations 
are sometimes accompanied by fracture of the lesser 
tuberosity of the humerus, and rarely of the anatomi- 
cal or surgical neck; it is therefore always advisable 
to secure a roentgenographic examination before re- 
duction of the dislocation is attempted. Reduction may 
be effected by the regular Kocher Method. Posterior 
dislocations of the head of the humerus are extreme- 
ly rare in which the head of the humerus is forced 
backward through the posterior portion of the cap- 
sular ligament to a position below the acrmion 
process or spine of the scapula. 

Clinically the fixed position of the head may 
lead to an indication of the true condition, but it re- 
quires a lateral view for definite establishment of 
the posterior dislocation, (Jacknow and O’Connor). 
Arden has reported a case of posterior dislocation 
of both shoulders. 

Dislocation of the shoulder is associated 


with more severe tearing of the ligaments and injury 
to the soft parts than is evident at roentgenographic 


D. Normal 


examination. The severe damage of the soft parts 
may ultimately result in calcium deposits in the 
ligaments and muscles which may be very disabling. 
If the patient complains of pain after reduction, re- 
peated x-ray examination should be made. Recur- 
rent dislocations are common and often require re- 
construction of the joint. 


DIS LOCATION--ACROMIOC LAVICULAR 
ARTICULATION.* Separation of the acromioclavic- 
ular articulation is occasionally seen as a result of 
severe downward pull on the arm. Since this joint is 
so variable in its degree of separation of the bones, 
even in normal individuals, it is always advisable to 
make an examination of the opposite shoulder also 
for comparison (C dislocated; D normal). Examina- 
tion should be made in the upright position with a 
weight in the hand. 

Two types are recognized: a) incomplete, in 
which the coraco-clavicular ligaments are intact, 

b) complete, in which the coraco-clavicular liga- 
ments are disrupted; the latter condition is best 
treated by operative repair. . 

To recognize the severity of the condition it is 
sometimes helpful to make a roentgenograph in the 
standing position, (14 x 17) to include both shoulders 
for comparison. A suitable weight (10 lbs.) sus- 
pended from each wrist for several minutes in- 
creases the deformity and often identifies an un- 
suspected complete separation. 
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DISLOCATIONS OF THE LOWER EXTREMITY 


A. Great Toe 
B. Talo-navicular Joint 


Fig. 44A 


DISLOCATIONS OF THE FOOT. Dislocation 
of the toes (A) is comparable to dislocation of the 
fingers. Usually when it does occur it is readily 
recognizable in the roentgenogram and is treated by 
simple traction. The metatarsal bones are rarely 
dislocated except as a result of severe trauma to 
the rest of the foot. Their reduction is usually not 
very difficult. 


The most common dislocation in the tarsal 
region is dislocation of the astragalus (talus) at its 
joint with the scaphoid (tarsal navicular) (B). The 
head of the astragalus slips upward overriding the 
scaphoid, producing an unusual prominence of the 
head of the bone on the dorsum of the foot. Reduc- 
tion of such dislocations may be quite easily accom- 
plished if undertaken early, but if reduction is de- 
ferred until lapse of considerable time, it may not 
be possible without severe force applied to the head 


of the bone to drive it downward into normal position. 


Open operation may have to be resorted to. 


Dislocation of the astragalus (talus) on the os 
calcis (calcaneus) is very rare; it is usually accom- 
panied by fracture of the sustentaculum tali or other 
portion of the os calcis. Manipulation of the foot by 
rotation and pressure over a sand bag under fluoro- 
scopic control is usually the best method of reduc- 
tion. 
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“Vertical Talus*--Unusual Type of Dislocation of 
Talus Bone. Lateral Views: 1. Normal Position; 
2. Vertical Dislocation of Talus. 

Fig. 44B 


“Vertical Talus® in Plantar View. 
Fig. 44C 
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DISLOCATIONS OF THE LOWER EXTREMITY (Continued) 


Dislocation and Fracture--Ankle 


Fig. 45 


DISLOCATIONS OF THE ANKLE.* The ankle 
joint is a morticed joint; dislocations are almost al- 
ways associated with fracture. (See Section on 
Ankle Fractures, p. 19) Medial dislocation is found 
in adduction type fractures. The deltoid ligament 
when it ruptures also allows the foot to be dislo- 
cated medially. Lateral dislocation occurs in ab- 
duction fractures, or with rupture of the fibular 
collateral ligaments. Anterior marginal fractures 
of the tibia allow anterior dislocation of the talus, 
while posterior marginal fractures allow posterior 
dislocations. The latter are far the more common. 
If the fracture line of the tibia is far enough pos- 
terior, sufficient “shoulder” is left to hold the ankle 
joint in position while the foot is flexed. If the frac- 
ture line is near the peak of the anteroposterior arch 
of the lower tibial articulation, the foot in the flexed 
position will dislocate by virtue of the talus pressing 
backward on the posterior portion of the tibia, that 
is, the fractured portion. 


Fahey et al., have called attention to fracture 
dislocations of the ankle with fixed posterior dis- 
placement of the fibula behind the tibia. These may 
not be recognized unless a true A-P view is ob- 
tained. Operative intervention is necessary. 


Backward dislocation of the astragalus (see 
Fig. 15) is usually accompanied by fracture of the 
posterior articular margin of the lower end of the 
tibia; if the fracture line of the tibia is far enough 
posteriorly so that sufficient “shoulder” is left tohold 
the ankle joint in position in its flexed position, then 
no dislocation occurs, but if the fracture line is near 
the peakof the anteroposterior arch of the lower tibial 
articulation, then, on assuming a flexed position of 
the foot, the astragalus is pressed backward on the 
posterior portion of the articular surface of the tibia 


and if sufficient “shoulder” is thereby removed, then 
the astragalus will suffer spontaneous backward re- 
dislocation. Reduction of the dislocation is simple; 
with the patient lying on the table under an anaesthetic, 
grasp the great toe firmly and lift the leg off the 
table, in this manner the weight of the leg will be 
sufficient force to effect immediate reduction of the 
dislocation. To prevent redislocation either the foot 
must be immobilized in an extended position, running 
the risk of permanent shortening of the tendo-Achilles 
from maintenance in this position or forward pres- 
sure must be exerted on the heel to prevent backward 
luxation. At times this becomes a very difficult 
problem (see fracture of the posterior articular 
surface of the tibia, Fig. 15). 


Pane 


Fig. 46. Dislocation Semilunar Cartilage of Knee 
with locking of joint. Only under such conditions will 
there be any widening of the joint space. 


DISLOCATIONS OF THE KNEE.* The knee 
joint is buttressed by strong ligaments and the joint 
itself is rarely dislocated; when it is, manipulation 
with traction under fluoroscopic guidance is usually 
quite effective in causing proper reduction. Certain 
dislocations of the knee are irreducible due to the 
complete avulsion of the tibial lateral ligament and 
interposition of the capsuloligamentous flap within 
the joint. A characteristic depressed groove on the 
medial aspect of the knee is a diagnostic sign. 


Dislocation of the fibula at its upper articula- 
tion with the tibia is rare but should be readily 
recognized on comparison on the two sides. 


Dislocation of the semilunar cartilages of the 
knee, often is not demonstrable by ordinary roent- 
genographic examination. Normally the width of the 
interarticular space is determined by the articular 
cartilages which cover the ends of the bones; the two 
semilunar fibrocartilages fit snugly in place acting 
as buttresses of the joint but not contributing to the 
interarticular space. The displacement of one of 
these cartilages then will not permit narrowing of 
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A. Normal Temporomandibular Joint 


Fig. 


DISLOCATION OF THE JAW. The temporo- 
mandibular articulation is a gliding ginglymus- 
arthrodial joint; as the mouth is opening, the con- 
dyle of the mandible glides forward on its articu- 
lar surface, its range of forward motion being 
limited by muscular attachments to the bone and 
by the eminentia articularis, a bony prominence 
which forms the anterior portion of the joint. 
Overdistention of the mouth in eating or from 
yawning may result in slipping of the condylar 
process of the mandible forward over the eminen- 
tia articularis into such a position that it prevents 
the closing of the mouth; any attempt to forcibly 
close the mouth while dislocated may result in 
fracture of the condylar process. Reduction is 
usually effected by placing both thumbs in the 
mouth, exerting firm downward pressure on the 
molar regions of the mandible, at the same time 
pressing upward on the chin. Care must be taken 
by the operator to protect his fingers. If this is 
not successful, several thicknesses of tongue de- 
pressors or the handle of a table knife sufficiently 
protected, or some similar object, may be placed 
between the posterior molar teeth of the upper 
and lower jaws to act as a fulcrum by which the 
condyle of the mandible may be lifted clear, over 
the eminentia articularis as upward pressure is 
exerted on the chin. This maneuver must be car- 
ried out carefully without too much force. Very fre- 
quently such dislocations of the jaw are associated 
with fractures of the condylar process of the mandible. 


This fracture usually occurs as a result of an 
upward blow on the chin when the mouth is widely 
Open. In this position the condyles of the jaw slip 
forward over the eminentia articularis; a sudden 
blow to the chin does not permit time for the condyle 
to slip back naturally and a fracture of the condylar 
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B. Dislocation--Mouth Wide Open 
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C. Fracture--Dislocation of the Condyle of the 
Mandible 


process results together with a dislocation of the 
condyle. 


Often because of the loose unattached condition 
of the fragment it cannot be replaced and must be 
removed. In spite of removal the joint may return 
to fairly good normal function. 
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DISLOCATION OF THE SPINE 


TRAUMATIC DISLOCATION OF THE 


CERVICAL SPINE 
(See Fractures of Cervical Spine) 


The cervical region permits the widest range 
of motion of any portion of the spine. It is therefore 
most susceptible to injuries, both fractures and dis- 
locations. Falling on the head and twisting the neck; 
a sudden jerk with the head held in some unusual 
position, may be sufficient to cause dislocation of the 
cervical spine. The articular facets are so closely 
applied and so well morticed by each other that sim- 
ple dislocation without fracture is rather rare. 

That subluxation does occur under exceptional cir- 
cumstances, there can be no doubt; the writer has 
encountered two cases where the neck was manipu- 
lated for mastoid operation under anaesthesia. 

A very frequent site of such dislocation is be- 
tween the first and second cervical vertebrae. Very 
minute changes in position may result in limitation 
of motion. For the detection of such dislocations 
the system of lining developed to illustrate the nor- 
mal relationship of the vertebrae of the upper 
cervical spine is imperative. The articular sur- 
faces between the first and second vertebrae should 
be equidistant on both sides and parallel with each 
other; overlapping of the articular surfaces on both 
sides indicates luxation of the first forward on the 
second. In the lateral view dislocation is accom- 
panied by forward displacement of the shadow of the 
posterior tubercle of the first vertebra in its rela- 
tionship to the second; complete luxation forward is 
only possible if rupture of the articular ligament of 
the first has occurred; this will show separation of 
the body of the first from its articulation with the 
odontoid process of the second. 

Coutts in an excellent article on subluxations 
of this sort has analyzed the various movements of 
these joints with precise anatomical consideration. 

In simple rotation, the transverse ligament is 
not relaxed and the atlas does not slip forward on the 
axis. Rotation of the atlas on the axis, however, is 
limited and requires additional compensatory rota- 
tion in the lower cervical vertebrae to bring the 
head to a full neutral rotary position; tilting and 
flexion usually accompany rotation. As a result, 
the spinous processes of the lower cervical verte- 
brae will deviate from midline in the opposite direc- 
tion of rotation of the head. 

“Subluxation implies relaxation or stretching 
of the transverse ligament and the slipping forward 
of the atlas on the axis”; if this is unilateral or pre- 
dominently on one side, rotation accompanies the 
deformity. 

“When the head becomes fixed in position of 
rotation through the atlanto-epistropheal joint, with 
or without subluxation forward, the subject attempts 
to bring the head to a position of ‘eyes front’ by ro- 
tating through the lower cervical joints in a direc- 
tion opposite to the rotation deformity. Each of the 
vertebrae can rotate about eight degrees to either 
side. The compensatory rotation occurs from the 


second cervical vertebra down, that is, the second 
presents the maximum rotation deviation, the lower 
vertebrae successively approaching the neutral posi- 
tion. The spines of the cervical vertebrae thus ro- 
tated deviate to the side of the midline toward which 
the head is turned, which is the reverse of what oc- 
curs when the head is turned on a normal neck. 

“A similar mechanism produces lordosis of the 
lower cervical spine to compensate for the flexion 
component of the deformity when that is marked.” 

Pratt has reported spontaneous dislocation of 
the atlantoxial articulation with spontaneous disloca- 
tion of the joint and forward luxation of the atlas in 
the axis and compression of the cord. The process 
is gradual and permanent damage may not be pro- 
duced. He feels that the condition is due to the ef- 
fect of infection which either acute or chronic may 
produce decalcification of the atlas which may be 
sufficient to cause detachment of the transverse 
ligament and sliding forward of the 1st or the 2nd 
cervical vertebra. 

Dislocation of the lower cervical vertebra may 
be best recognized in the lateral view by malalign- 
ment of the various articular facets or in the 
antero-posterior view by malalignment of the spinous 
process from rotation. The cervical vertebrae are 
so closely fitted together that any material displace- 
ment can hardly occur without fracture. 

Kovacs has shown that by examination of the 
lower cervical spine with downward projection of the 
x-ray beam, subluxation and deformity of the 
apophyseal joints may be demonstrated encroaching 
upon the vertebral artery and nerve. Hypertrophic 
changes at the vertebral margins encroaching upon 
the foramen may cause similar impingement. 


ROENTGENOLOGICAL OBSERVATIONS 


“Lateral view: 

1) Increased anterior atlanto-dontal interval: This 
sign is pathognomonic of forward luxation of the atlas. 

2) The depth of the shadow of the soft tissues an- 
terior to the first two cervical vertebrae should nor- 
mally be equal to that...of the other cervical bodies. 

3) Flexion of the first on the second cervical 
vertebra: The line joining the inferior borders of the 
anterior and posterior arches of the atlas, should be 
parallel or converge posteriorly (to a similar line 
for the axis), when the head is in a neutral position. 

4) Compensatory Lordosis of the Lower Cervi- 
cal Vertebrae: This sign is present when the flexion 
of the first on the second cervical vertebra is marked. 

5) Failure of the Two Halves of the Posterior 
Arch of the Atlas to be Superimposed: In a true 
lateral view the two sides of the posterior arch are 
superimposed. 

6) Evidence of Rotation of the Cervical Verte- 
brae from the Second Vertebra Downward: The joint 
spaces of the lateral articulations of the two sides 
are no longer superimposed, but their shadows are 
projected, one anterior to the other. 
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DISLOCATION OF THE SPINE (Continued) 


Anteroposterior view: 

1) Lateral Deviation of the Epistropheal Spine 
(Spinous process of the Axis): This is the most im- 
portant sign to be looked for: Normal cervical spine 
in rotation shows deviation of spinous processes 
away from side to which head is rotated: with relax- 
ation of transverse ligament rotation of spinous 
processes is toward side of rotation of head. 

2) Overlapping of the Shadow of the Lateral 
Masses of the First on the Second Cervical Verte- 
brae on One or Both Sides: Overlapping is an ap- 
pearance occurring with flexion and rotation of the 
first on the second cervical vertebra. It is not path- 
ognomonic of subluxation or of the side on which the 
forward movement has taken place. 

3) Lateral Displacement of the Axis: This sign 
is subject to many errors of interpretation. In order 
to give significance to this appearance of lateral dis- 
placement the head must be held erect on the spine 
and both lateral masses must be displaced laterally 
with respect to the dens. Under these conditions a 
unilateral displacement represents a pathologic fix- 
ation in a position within the normal range of motion. 
A bilateral displacement of the atlantal lateral 
masses in opposite directions, however, indicates 
“fracture of one of the arches of the atlas,” (Paul and 
Moir). A critical analysis of this position have been 
given by Jacobson and Adler. Attention is called to 
the diagnostic aid of these lining methods in detection 
of subluxations of the cervical vertebrae due both to 
traumatic and regional infections (q.v.). 


HYPEREXTENSION INJURIES TO THE CERVI- 
CAL SPINE. It is possible by sudden forcible hyper- 
extension of the cervical spine to cause injury to the 
spinal cord resulting even in paraplegia and death 
without any manifestation of fracture or dislocation of 
the vertebral structures, (Crooks and Birkett). The 
ligamentum flavum may be torn or the disc ruptured. 
In a review of this subject Kaplan cites a case in which 
death occurred from paraplegia following such an hy- 
perextension injury. At autopsy there was complete 
disintegration of the cord, but no evidence of injury to 
the bony structures. The findings suggested that, “one 
cause of the suppression of cord function in such in- 
juries is thrombosis of the spinal arteries and lique- 
faction necrosis of the cord.” Berkin and Hirson have 
reported a similar case. Taylor suggested and dem- 
onstrated that the posterior injury to the cord was 
caused by forward bulging of the ligamenta flava at 
the moment of hyperextension. Schneider et al. have 
illustrated the method by which central cervical spinal 
cord injury may be sustained from hyperextension in- 
juries of the cervical spine. Forward bulging of the 
ligamentum flavum impinging on the posterior aspect 
of the cord at the moment of hyperextension with an- 
terior counter pressure of hypertrophic spurs on the 
vertebral bodies, causes a simultaneous pinching or 
squeezing of the cord. 


Rotary luxation of one or the other or both 
lateral articular masses may result often from ap- 
parently trivial injury. Detection is possible only 
with careful rotational open-mouth views with rota- 
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tion to either side showing medial or lateral offset 
of lateral mass on the affected side. Laminagraphy 
may be of material aid, (Jacobson and Adler). 

Jacobson and Beecker have shown wide for- 
ward displacement of the superior cervical vertebrae 
upon the adjacent inferior segment in association 
with marked forward flexion of the neck associated 
with spasm, without injury to the cord and concludes 
that actual luxation does not take place. Replace- 
ment by holding the neck in normal position with 
traction or a collar for several weeks restores re- 
lationship to normal. It would seem from the wide 
range of motion associated with some anomalies of 
development of the cervical spine, without impair- 
ment of function that this is not proof that subluxa- 
tion does not exist, but that wide range may be pres- 
ent without evidence of malfunction. Jacobson and 
Bleecker have likewise emphasized the degree of 
forward luxation which the axis can show on C3 with 
the head sharply flexed forward and how this disap- 
pears with relief of pain on assuming normal posi- 
tion. 

Manipulation of the cervical spine for the re- 
duction of any such dislocations should only be car- 
ried out by an orthopedist or surgeon well informed 
as to the method and dangers of the procedure. 
Simple immobilization or traction is imperative to 
avoid injury pending more complete plans for treat- 
ment. 

Ten cases of pseudosubluxation of the axis in 
children were reviewed by Jacobson and Bleecker 
and 4 are reported. Fractures or dislocations of 
the cervical spine are rather unusual in children, 
and when they do occur do not differ significantly 
from those seen in adults. 

Nor mal flexion and extension of the cervical 
spine are described and it is pointed out that an- 
terior angulation at the C-2/C-3 level are normal 
for individuals up to the age of ten. 

Children with injuries to the neck and with only 
the above mentioned roentgenographic findings should 
be treated symptomatically for whatever soft tissue 
injury may be present and not for subluxation of the 
axis. 

Injury to the cord may occur without disloca- 
tion of the cervical spine by hyperextension wuuniee 
to the neck (See Pg. 66). 


DISLOCATIONS OF DORSAL-LUMBAR SPINE 


Dislocation of the vertebrae in the dorsal and 
lumbar regions rarely, if ever, occurs without as- 
sociated fracture of the articular facets. The prob- 
lem here merely becomes one of replacement by 
traction, manipulation and fixation until healing takes 
place (see fracture of articular processes of lumbar 
vertebra). 


SPONDYLOLISTHESIS* (See also Congenital 
Anomalies) is a condition in which one or more of 
the lower lumbar vertebrae become displaced on 
each other or on the sacrum. The condition occurs 
most frequently between the fifth lumbar vertebra 
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and the sacrum but 

any other vertebrae 
J may be involved. 
The upper articular 
surface of the sacrum 
forms an inclined 
plane tilting forward 
and downward result- 
ing in a tendency to 
luxation of the fifth 
lumbar forward on 
the sacrum. 

Ten to fifteen 
percent of all patients 
referred for low back 
pain have this condi- 

5 tion; in fully three- 
fourths of the cases 
; the fifth lumbar ver- 

tebra is involved. 

Usually only one ver- 

tebra is involved but 

occasionally more 

than one may be in- 
volved. Trauma is conceded to be a direct cause of 
the condition in association with a congenital defect 
of the neural arch and articular processes of the 
vertebra which normally support the fifth lumbar in 
this inclined position and prevent it from slipping 
forward, This is probably due to nonfusion of the 
double centers of ossification in the lamina of the 
lumbar vertebra. This anomaly is rarely seen in 
infants, but Kleinberg has reported a case in an 
infant 17 months old, In very few instances does it 
seem probable that a single intense trauma resulted 
in the luxation. Usually it can be traced to a series 
of less severe traumas repeated over a long period 
of time, such as heavy lifting in patients having a 
congenital defect of the arch. 

Ullmann’s lining scheme will aid in detection 
in cases of slight luxation of the fifth lumbar verte- 
bra (Fig. 49). If a line is erected at right angles to 
the articular surface of the sacrum at its anterior 
margin, the fifth lumbar vertebra should remain en- 
tirely posterior to this line. If the fourth lumbar 
vertebra touches this line or projects beyond it, this 
is evidence of spondylolisthesis. Meyerding has pro- 
posed the following classification of spondylolis- 
thesis: Grade I spondylolisthesis showing isthmus 
defects but without displacement; Grade II showing 
1/3 forward displacement on the sacrum; Grade III, 
2/3 forward displacement and Grade IV, complete 
displacement. 

This displacement may be between the fourth 
and fifth or any other lambar vertebrae. Large out- 
growths of bone may result in bridging across be- 
tween the two bones causing ankylosis of this seg- 
ment of the spine where displacement is extreme. 
Fixation by a plaster jacket serves to support the 
back and decrease the pain. Operative procedure is 
sometimes resorted to. 

The appearance of reverse spondylolisthesis, 
or posterior displacement of one vertebra upon 





Fig. 49 
Spondylolisthesis 
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another, has been generally supposed by most radiol- 
ogists to be due to a technical error. A study of this 
condition has led to the conclusion that at times 
there may be real reverse luxation of the vertebrae 
(Melamed and Ansfield). These authors divide the 
true from the false displacements and attribute their 
cause as follows: 
1. True backward displacement of lumbar 
vertebrae 
A. Due to degenerative processes 
B. Due to disease 
C. Due to trauma 
D. Due to congenital anomalies 
2. Apparent backward displacement of lumbar 
vertebrae 
A. Due to technical factors 
B. Due to anatomical variations 
They attribute true retrodisplacement to de- 
generation of the intervertebral disc and point out 
that in this condition there is encroachment upon the 
intervertebral foramen imparting an “hourglass” 
constriction to this opening. The encroachment of 
osteophytes growing from the articular margin must 
not be overlooked as a possible cause of this ap- 
pearance, Any disease process or other condition 
which produces tearing or relaxation of the apophy- 
seal joints may give rise to this condition. 
Others are also of the opinion that reverse 
spondylolisthesis may also occur in the other regions 
of the spine, (Gillespie). 


The term *prespondylolisthesis® or “spondy- 
lolysis® is sometimes used in cases in which con- 
genital malfusion of the isthumus of the neural arch 
is present even though luxation has not taken place. 
Many contend that this is poor practice since it im-= 
plies that slipping is inevitable, (Garland and 
Thomas). For description of the arch defects asso- 
ciated with this condition see anomalies of spine. 

Spondylolisthesis has been reported in the 
cervical region by Durbin in association with failure 
of fusion of the lamina. Surgical fusion resulted in 
relief of symptoms. 


DISLOCATION OF THE COCCYX 


Dislocation of the coccygeal segments may re- 
sult from extreme force applied to the coccyx, as in 
sitting down forcibly upon some hard object. Under 
such circumstances, it is usually associated with 
fracture. Manipulation with a finger inserted into 
the rectum may result in reduction, or it may be 
necessary to remove the offending fragment. Such 
fractures may be very painful on account of the de- 
velopment of traumatic arthritis. 


DISLOCATION OF SACRO-ILIAC JOINTS 


Actual dislocation of the sacro-iliac joints 
occurs only as a result of application of extreme 
degree of trauma to this region, such as falling 
from a height or being struck by an automobile or 
railroad train. Such disarticulations are usually 
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accompanied by separation at the symphysis pubis 
and displacement of the entire side of the pelvis 
upward. Under such circumstances, lateral fixation 
in a plaster jacket with extension on one thigh to 
reduce the displacement is usually sufficient 
treatment. 


SACRO-ILIAC STRAIN 


Sacro-iliac strain is another condition in 
which, often as a result of such trivial trauma as a 
twisting motion of the trunk, there may be a strain 
of the ligaments holding the joint in proper firm 
apposition. Sleeping on a sagging mattress may 
produce the same result. Such strain permits slight 
abnormal motion at the joint which results in ex- 
treme pain. X-ray examination usually fails to re- 
veal any abnormal relationship at the sacro-iliac 


articulations; there may be some slight asymmetry 
of the levels of the two pubic bones at their sym- 
physis, but this sign is sometimes also lacking. 
This asymmetry may sometimes be elicited by 
radiographic examination of the patient while stand- 
ing on one foot. 

Firm strapping of the pelvis with pressure pads 
over the joints on either side should result in relief 
of pain and reéstablishment of normal function after 
ten days to two weeks. Manipulation of the joint 
under anesthesia and fixation may result in relief of 
the condition. In extreme cases of long standing 
where all other methods fail, arthrodesis has been 
recommended. 

Many cases of so-called sacro-iliac strain are 
in truth instances of slipping of an intervertebral 
disc of the lumbar vertebrae; for detection of such 
disc displacement see section on myelography. 


QUESTIONS ON DISLOCATIONS 


Questions marked with a dagger deal with rare and less important conditions. 


1. Describe the common sites of dislocations in the hand. 


2. Describe the common sites of dislocations in the wrist. 


. Show by diagram the procedure to be followed in reducing a dislocation of the semilunar (lunate) bone. 


4, Name the common types of dislocation about the shoulder joint. 


T5. Describe the common sites of dislocation in the foot. 


6. Describe the common sites of dislocation in the ankle. Are such dislocations usually associated with 


fracture? 


7. What are the roentgen indications of dislocation of a semilunar cartilage of the knee? 


8. Which is the most common type of injury about the hip joint, dislocation or fracture: in a young person? 


in an older individual ? 


9. What is the characteristic position in dislocation of the jaw? 


10. What are the clinical manifestations of dislocations of the cervical spine? Why are dislocations of the 


upper four vertebrae so dangerous? 


11. How may non-traumatic luxation of the cervical spine be produced? 


12. What relationship has infection of the adjacent soft parts to the production of this condition? 


113. What is meant by spondylolisthesis and to what is it usually due? Prespondylolisthesis? 


114. what are the roentgenographic manifestations of spondylolisthesis? Prespondylolisthesis? 


15. What is meant by sacro-iliac strain? What is its cause and what are its roentgenographic manifestations? 
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Chapter III 


EPIPHYSES AND EPIPHYSEAL SEPARATIONS 


All bones are preformed in cartilage or mem- 
brane. In the natural course of fetal development, a 
small center of ossification appears in the cartila- 
ginous shaft of the bone and continues to grow until 
it replaces the entire shaft, constituting the primary 
ossification center. At the time of birth complete 
ossification of the shafts has occurred in all of the 
long bones. From this point on, the bones must con- 
tinue their growth, both in thickness and length by 
other means. The increase in thickness is produced 
by the osteogenetic layer of the periosteum, and the 
increase in length is from secondary epiphyseal cen- 
ters of ossification which develop in the remaining 
cartilaginous ends of the lone bones. These make 
their appearance in the various localities at differ- 
ent times in the development of the normal indi- 
vidual, and not until full growth is attained does the 
cartilaginous epiphyseal line unite with the shaft of 
the bone. 

Any interference with the natural development 
of the bony structure, whether from injury or dis- 
ease will result in “growth lines” extending perpen- 
dicularly across the metaphyseal ends of the long 
bones. Much can be inferred from the appearance 
of these lines, (Engeset, et al). 

The direction of the nutrient vessels seems to 
govern in some way the development of the epi- 
physes. The nutrient artery always runs toward the 
epiphysis which is last to unite; in bones having only 
one epiphysis, such as the clavicle, the nutrient ar- 
tery always runs away from the epiphysis. 

The epiphyses are so important that it is im- 
perative that the radiologist be familiar with their 
location, appearance, and method of development. 

The epiphyseal line is naturally weaker than 
the adjacent bony structure, so that trauma applied 
at this site may cause separation of the epiphysis 
rather than a fracture of the bone itself. One char- 
acteristic thing which almost always occurs in asso- 
Ciation with epiphyseal separation is that a small 
ragment of the metaphysis is usua x pulled away 
with the displaced epiphysis. Since these are the 
centers upon which future growth of the bone de- 
pends, it is essential that they be replaced as ac- 
curately as possible and that this operation be un- 
dertaken shortly after injury. 

Accurate replacement is necessary to promote 
the most satisfactory conditions for union and sub- 
sequent function as a growth-producing structure. 
The seriousness of failure to resume its growth- 
producing function is dependent upon the period re- 
maining for function before epiphyseal union; if only 
a short time of active growth remains the lack of 
growth will not seriously impair normal develop- 
ment. The most serious deformity which can result 
is seen in instances in which there is a fracture of 
the epiphysis across the epiphyseal plate, resulting 


in loss of function of a part of the epiphysis and con- 


tinued function of the remainder. This may result in 
extreme deformity as growth of the bone progresses. 
It is likewise essential that epiphyseal separation be 
reduced promptly since bone formation is very rapid 
--demonstrable, even in three or four days. Inter- 
ference with growth as a result of epiphyseal injury 
is not predictable; apparently trivial trauma may 
produce serious results. 





Fig. 50. Epiphyses--Hand and Wrist 


EPIPHYSES OF THE HAND. In the hand, the 
epiphyseal lines are located at the proximal ends 
of the phalanges, and distal ends of the metacarpal 
bones, with the exception of the thumb, where the 
epiphysis for the metacarpal bone is at the proximal 
end. A good key for remembering the epiphyses of 
the hand is to draw two fingers of one hand across 
the knuckles of the other; this indicates the position 
of the epiphyses of the metacarpal bones at their 
distal ends, and of all of the phalanges at their 
proximal extremities (the thumb must be considered 
as another finger). 
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EPIPHYSES OF THE UPPER EXTREMITY (Continued) 
OSSIFICATION perfect replacement is not absolutely essential to 


| CENTERS OF CARPAL| insure continued growth but the best reduction 
BONES. There are possible is always advisable. 
\\ no epiphyseal lines 
for the carpal bones. 
& All of these bones 
are preformed in 
@ a cartilage and ossify 
a> from ossification 


centers which appear 
approximately one 
for each year of life 
up to the eighth year. 
The center for the 
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pisiform is the last oe 
to appear and it may 
make its appearance 
at any time between 

Fig. 50A nine and eleven years 
of age. 
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Ossification Centers and Epiphyses Elbow 





(B) (C) 


Epiphyseal Separation--Inner Epicondyle Humerus 





Epiphyseal Separation--Lower Radial Epiphysis Fig. 52 
Fig. 5l. 
: EPIPHYSES OF ELBOW.* At the elbow joint 

EPIPHYSES OF WRIST.* Epiphyses for the (A), the epiphysis for the upper end of the radius 
lower end of the radius and ulna appear as two is merely a straight line across the bone, just 
straight lines across the lower ends of the bones. beneath the articular cortex. Separation of this 
They have no unusual characteristics. Separation epiphysis is somewhat different from similar in- 
of the lower radial epiphysis is a rather common juries elsewhere since the capsule of the elbow 
injury corresponding in a child to Colles’ fracture joint extends far down over the neck of the bone 
in the adult. The method of reduction and treat- and the articulation of the radio-ulnar joint is on 
ment is the same as for Colles’ fracture. Replace- the medial aspect of the epiphysis. This makes 
ment should be very accurate so as to insure the accurate replacement of the displaced epiphysis 
proper future development; certain studies have even more important than similar injuries else- 
been recently made which would indicate that where. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 
found in the pictorial supplement at the end of the chapter. 
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EPIPHYSES OF THE UPPER EXTREMITY (Continued) 


The epiphysis for the upper end of the ulna 
is at the tip of the olecranon process; normally it 
runs along parallel to the joint, not into it. Oc- 
casionally an anomalous division of this epiphysis 
may be present running across the tip of the epiphy- 
sis into the joint. Separation of this epiphysis 
may be accompanied by upward displacement from 
the pull of the triceps muscle; under such circum- 
stances the injury must be handled similarly to 
fractures of the olecranon process with upward 
displacement of the fragment. 

Injury early in life to this epiphysis for the 
olecranon may result in permanent separation of this 
structure giving rise to an appearance not unlike that 
of the patella in the knee, This has been interpreted 
as a Patella Cubiti, or an anomalous development of 
a patella for the elbow, (J.E. Habbe),. 

Ossification centers for the lower end of the 
humerus are more numerous and somewhat more 
complicated in arrangement. Four ossification 
centers, one for each articular surface and one for 
each epicondyle, appear successively in this region 
in the following order: first, the center for the 
capitulum (portion which articulates with radius); 
second, the center for the inner epicondyle; third, 
the center for the trochlea (portion which articu- 
lates with the sigmoid fossa of the ulna), and 
fourth, the center for the external epicondyle. As 
these ossification centers grow, those for the two 
articular surfaces fuse with each other and with 
that of the outer epicondyle to form a Single epi- 
physeal line across the lower end of the humerus; 
that for the inner epicondyle remains separate and 
forms a second epiphyseal line. Separation of the 
epiphysis for the lower end of the humerus is 
rather rare. Accurate replacement is essential, 

(McLearie and Merson). Usually force of sufficient 
degree applied in this region results in supracon- 
dylar fracture, rather than separation of the epiphy- 
sis; when it does result, reduction and treatment are 
similar to that used for supracondylar fracture. 
Separation of the epiphysis for the epicondyle 
may merely result in a loosening of this bony 
prominence so that it can be rolled around beneath 
the finger. Under these circumstances, although 
it is naturally very difficult to maintain in its 
proper position, it usually gives little pain or im- 
mediate disability. Since the internal epicondyle 
in its growth aids in the development of the car- 
rying angle, any interference with its function, 
caused by separation from its normal attachment, 
may result in failure in development of this very 
important relationship. If the arrest of epiphyseal 
growth of the inner epicondyle occurs at an early age 
when the individual still has a long period of growth 
to look forward to, then the resulting deformity 
of the elbow will be great, although it may not 
appear for several years. If the arrest of growth 
of this epiphysis occurs at a more advanced age, 
when only a few years remain before normal union 
of the epiphysis, then the deformity will not be so 


great. 


Separation of the epiphysis for the inner epi- 
condyle (B & C) sometimes produces a very compli- 
cated picture; the separated epiphysis, retaining 
its capsular attachment from below, may slip 
through the rent in the capsule into the joint. It 
becomes wedged between the joint surfaces of the 
lower end of the humerus and the ulna and is firmly 
held in this position by the taut capsule. This occurs 
with the elbow in flexion; if the elbow is extended, 
the small interposed epiphysis cannot be dislodged 
and the elbow joint on extension undergoes spon- 
taneous partial or complete dislocation. Under 
such circumstances surgical removal is the only 
procedure by which the displaced epiphysis can be 
dislodged from its position between the joint sur- 
faces. Fixation of the epiphysis in its normal posi- 


tion should then be accomplished. 
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Fig. 53. Ossification Centers and Epiphyses Shoulder 


EPIPHYSES OF THE SHOULDER JOINT.* At 
the shoulder joint, the epiphyses for the upper end 
of the humerus present a somewhat unusual ar- 
rangement. The upper end of the humerus de- 
velops by three centers of ossification: one for 
the head, and one for each of the tuberosities of 
the bone, These fuse, forming an angular epiphy- 
seal line, apex upward. If during the roentgeno- 
graphic examination, the central ray is not pro- 
jected directly across the epiphyseal line, then 
this angular shape of the epiphysis may appear as 
a double line, showing not only the anterior, but 
also the posterior margin of the epiphysis. This 
must be borne in mind, so as not to mistake this 
secondary shadow as a fracture of the bone. 
Separation of the upper epiphysis of the humerus 
is rather rare owing to its peculiar shape; when 
it does occur, it presents no unusual features for 
its reduction and treatment. 

The scapula presents seven centers of ossi- 
fication, two for each process (acromion and 
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EPIPHYSES OF THE UPPER EXTREMITY (Continued) 


coracoid), one for body, one for vertebral margin 
and one for the inferior angle. Occasionally there 
is an additional separate epiphysis for the glenoid. 
The epiphyses for the scapula are rarely injured. 


EPIPHYSES OF THE LOWER EXTREMITY 
















(A) (B) 


Fig. 54 


EPIPHYSES OF THE FOOT. The epiphyseal 
lines for the phalanges and metatarsal bones (A) of 
the foot are similar in arrangement to those of the 
hands; namely, at the proximal ends of all of the pha- 
langes, and the distal ends of all of the metatarsal 
bones with the exception of the great toe. They show 
as straight lines across the ends of the bones pre- 
senting no unusual characteristics. Separations of 
these epiphyses occur only rarely, and they present 
no unusual problem for their reduction and treatment. 


EPIPHYSES OF THE ANKLE.* At 
the ankle joint, the epiphyses of the 
lower ends of the tibia and fibula appear 
as two straight lines, running across the 
lower ends of these bones just above the 
ankle joint. Trauma of a similar nature, 
which would result in Pott’s fracture in 
an adult, may result in epiphyseal sepa- 
ration of the lower fibular epiphysis. 
Reduction and treatment are similar to 
that for Pott’s fracture. 





The clavicle shows one epiphysis, appearing 
as a straight line at its medial extremity. It is 
one of the latest to appear, and one of the earliest 
to unite with the shaft. It is rarely injured. 


Healing of the bones presents no unusual 
characteristics. Separations of these epiphyses 
occur only rarely, and they present no unusual 
problems for their reduction and treatment. 

The fifth metatarsal bone sometimes shows 
an additional anomalous growth center at its prox- 
imal end. This apophysis may not unite with the 
shaft; under these conditions it persists into adult 
life as a supernumerary anomalous bone known as 


a “Vesalianum.” Since this is a frequent site of 
fracture, care must be taken lest a 


normal epiphyseal line is mistaken 
for injury; examination of the oppo- 
site foot will show any anomalous 
development, since whenever 
anomalies occur, they are almost 
always bilateral. Certain instances 
have been encountered where the Os 
Vesalianum was found to be a sepa- 
rate bone, (I. Baastrup). 

All of the tarsal bones with the 
exception of the os calcis (calcaneus) 
develop by single ossification cen- 
ters, but they do not appear, as in 
the wrist, one for each year of life 
(B). The os calcis is the only tarsal 
bone to have a growth line; this is at 
the extreme portion at the attachment of the Achilles 
tendon and represents an apophysis since it is 
not associated with a joint. Complete separation of 
this apophysis may show wide displacement, owing to 
the pull of the Achilles tendon. 

In the oblique view of the calcaneus, during the 
growth period of the apophysis for the tuberosity. an 
appearance resembling a tiny chip fracture may be 
seen on the plantar surface near the epiphyseal line in 
an otherwise normal individual. This is due to slightly 
irregular bone growth, which is not abnormal. 





Lateral View 
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EPIPHYSES OF THE LOWER EXTREMITY (Continued) 


EPIPHYSES OF KNEE. The epiphysis for 
the upper end of the fibula (Fig. 56) is represented 
by a straight line running across the upper end of 
the bone; it presents no unusual features and is 
rarely injured, The upper tibial epiphysis, how- 
ever, has certain unusual characteristics worthy 
of special note; the epiphyseal line runs across 
the upper end of the bone to provide growth for the 
shaft of the tibia, then anteriorly it dips down to 
take in the epiphysis for the tibial tubercle. This 
tongue-like projection of the tibial tubercle may 
be separated by trauma from the pull of the pa- 
tellar tendon or as a result of Osgood-Schlatter’s 
Disease. 

Irregularity of the lateral and medial margins 
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considered it a normal finding, or ‘a feature of MY) 
healthy endochondral bone formation.” Hh 
The fully formed lower femoral epiphysis is LLL 
indicated merely as a straight line across the end of 
the bone. This epiphysis is strongly attached and is 
rarely separated in this generation. In former years 
this injury was more common. It used to result 
from catching the leg between the spokes of a wagon 
and was known as *Wagon-Wheel Fracture.” When 
separation does occur, manipulation under traction Posterior View Lateral View 
is the best method of reduction. Fig. 56 
The margins of the lower femoral epiphysis 
are the most frequent site of irregular bone growth 
during the developmental period between 4 and 8 
years; this irregularity of the articular cortex should 
not be mistaken for trauma or other bone pathology. 






EPIPHYSES OF THE HIP JOINT.* (Fig. 57) 
There are three growth centers for the upper end of 
the femur; one for the head of the bone, and one for 
each trochanter. Each appears as a straight line 
across the bone in the respective locations. Separa- 


tion of any of these is rarely seen from acute injury, 
fj IY but slipping of the epiphysis for the femoral head 
J from some nutritional disturbance (juvenile coxa 
Uf - is a well-known disease entity, (see pp. 65, 
s 66). 
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Fig. 57 
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EPIPHYSES OF THE PELVIS 
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Fig. 58. Secondary Growth Centers of Pelvis 


GROWTH CENTERS OF PELVIS. The innomi- 
nate bone has three primary and five secondary cen- 
ters of ossification. The three primary centers are 
for the ilium, ischium and pubis, seen as the first 
ossification centers in foetal life. The five second- 
ary centers of ossification which appear at puberty 
are: one each for; the iliac crest, anterior inferior 
spine of the ilium, pubic bone near its symphysis, 
tuberosity of the ischium auricular process of ilium, 
and acetabulum. The growth center for either crest 
is a long thin strip of bone which surmounds the 
rounded upper margin of the ilium; it is always ob- 
served roentgenographically without difficulty. The 
center for the anterior inferior spine is seldom 
visualized because of its position. The epiphyseal 
centers for the pubic bones likewise are rarely 
visualized roentgenographically and their very 
existence is questioned by some observers. The 
line of union between the ischium and descending 
ramus of the pubis is always well seen—it has 
rounded margins and should never be mistaken for 
fracture. That for the tuberosity of the ischium is 
a crescentic structure fitting over the undersurface 
of this rounded bony prominence, it is readily 
visualized roentgenographically and should be 
recognized without difficulty. The separate epi- 


physeal structure of the acetabulum may not develop 
and is rarely visualized. 

The sacrum is developed from five vertebral 
segments which fuse with each other sometimes 
leaving remnants of not completely eliminated verte- 
bral discs. Each segment has the centers normally 
present in other vertebral structures but by reason 
of fusion of the segments may not be clearly 
recognizable. In addition to these one aor two cen- 
ters of ossification for each wing of the sacrum have 
been described. These run along parallel to the 
margins of the sacroiliac joints and are rarely 
visualized unless by reason of irritation from trauma 
or other cause they become the site of sclerosis, 
(E. N. Cleaves). 

Non-union of the ischial tuberosity has been 
reported by Slayton. 

The center for the articular process of the 
ilium at the sacroiliac joint, is rarely recognizable 
roentgenographically and is not given by many ana- 
tomists but has been demonstrated by Rauber- 
Kopsch and by Shipp and Haggart. 

Caffey and Madell have pointed out several 
variations in the ossification centers of the pelvis 
at birth. 
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EPIPHYSES OF THE SPINE 





A. Three Primary Ossification Centers for Vertebrae 


SPINAL EPIPHYSES (Fig. 59), (Bailey). The 
vertebrae ossify by three major ossification centers 
which show roentgenographically as a central and 
two lateral masses in the spine of an infant (A). 
These should be fused by six or seven years of age. 
Five secondary centers of ossification (B & C), 
appear about the age of puberty: 

Two plate-like vertebral rings for the upper 
and lower margins of the vertebral body, two ossifi- 
cation centers for the tips of the transverse process- 
es and one for the tip of the spinous process. All os- 
sification centers should be firmly united by twenty- 
five years of age. 

The vertebral plates for the upper and lower 
margins of the bodies appear most clearly in the 
cervical region. They are continuous rings thinnest 
posteriorly and in the center, thickest at their ante- 
rior margins. The atlas has only the three primary 
ossification centers; the axis has in addition to the 
three primary centers common to all vertebrae, two 
other primary centers for the odontoid process. A 
secondary center for the tip of the odontoid process 
develops at about two years which is readily demon- 
strable roentgenographically and another for the in- 
ferior margin of the body about puberty. The seventh 
cervical has an extra primary center for the costal 
processes. Secondary ossification centers are ob- 
served roentgenographically for the tips of the ar- 
ticular processes; these sometimes persist ununited 
into adult life, (Wilbur Bailey). 

Further investigation more recently undertaken 
also indicates that many of these secondary centers 
remain ununited into adult life, (Hadley). 

Many question the exact function of these sec- 
ondary ossification centers indicating that the proc- 
esses which they represent are merely apophyses and 
do not function in growth of bone as epiphyses. There 
is evidence to indicate that the vertebral bodies do 
not grow in vertical diameter from the vertebral 
centers which appear at their upper and lower mar- 
gins, (Bick and Copel). The work of these authors in- 
dicates that “in longitudinal development the body of 
the human vertebra grows as does the diaphysis of a 
long bone, with true proximal and distal epiphyseal 
plates. Enough has been demonstrated to confirm 
Schmorl’s views. Some hold that the so-called ‘epi- 
physeal’ plates are misnamed. . . that the ring is not 


an epiphysis and takes no active part in the growth of 
the vertebral body. It is primarily a cartilaginous 
ring which ossifies separately. . . . It lies outside the 
metaphyseal area and fuses with the body when longi- 
tudinal growth is completed. . . the fibers of the an- 
terior longitudinal ligament insert into its substance.” 
Others feel that it is truely an epiphysis concerned 
with bone growth. 

Large venous sinusoids traverse the mid-zone of 
the vertebral body. These are supplied by two antero- 
lateral veins in front and are emptied by two posterior 
veins which connect with the venous plexus within the 
neural canal. The transverse horizontal groove tra- 
versing the mid-portion of the vertebral body caused 
by these venous structures should never be mistaken 
for pathology, (Wagoner and Pendergrass; Jirout). 








B. Secondary Epiphyseal Centers for Cervical Spine 





C. Secondary Epiphyseal Centers for Other Vertebrae 
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Table I 


EPIPHYSEAL CENTERS 


An anatomical list of the various ossification centers and epiphyses as they 
appear and unite at the various joints, - Wm. Englebach and Alphonse McMahon. 


Upper Extremity: 
Hand: Carpus, capitate 1 Greater Multangular 5 
Hammate - 1-2 Navicular 6 
Os triangularis 3 Lesser Multangular 7-8 
Lunate 4 Pisiform 9-11 


Metacarpal A3, U14-15 
Phalanges A3, U15 
Wrist: Radius 
Lower end - A2, U17 
Ulna 
Lower end - A7, U18-20 
Elbow: Humerus 
Lower end - capitulum A2 
trochlea A10 F and U16 
outer epicondyle - A1l1-12 
inner epicondyle - A5-6, U18 
Radius 
Head - A-5-6, U16 
Ulna 
Olecranon process - Al10, U16 
Shoulder: Clavicle, A15-17, U22 
Scapula {| Acromion A15, U18 
Coracoid, Al, U15-18 
Angle and border, A15, U15-18 
Humerus: 
Upper end - Head A6-7 mo. 
Greater Tuberosity A2 F and U 
Lesser Tuberosity A3 


Lower Extremity: 

Foot: Phalanges A - 3-7, U16 
Metatarsal A - 3-7, U16 
Tarsal: Calcaneus, A6 mo. Epiphysis for A10, U16 

Talus A-7 mo. 
Third cuneiform - Al 
First and second cuneiform A2-4 
Navicular A4 
Cuboid A Birth 
Ankle: Tibia 
Lower end, A2, U18 
Fibula 
Lower end, A2, U18-20 
Knee: Tibia 
Upper end, Al, U18-20 
Fibula 
Upper end, A3-4, U18-20 
Patella A2-3 
Femur 
Lower end, Al, U18-20 
Hip: Femur 
Head, Al, U18 
Gt. Trochanter A4-U18 
Lesser Trochanter A13, U17 
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3 primary [ium 8-9 weeks 
Ischium 3 mo.( 7-8 yr. Well developed at birth U18 
Pubis 4-5 mo.} union 


5 secondary crest A15-18, U18-20 
Anterior Inf. angle A15-16, U18-20 
Tuberosity Ischium, A15-16, U18 
Symphysis pubis, A16, U18 
“Y” piece Acetabulum U18-20 


Spine: Vertebrae, 
3 primary, body 8 weeks 
centers lateral masses 7-18 weeks 


5 secondary 
centers, end of each transverse process, A1l6, U18 
end of each spinous process A16, U18 
upper and lower surfaces of body, A1l6, U18 


2 additional centers 
Lumbar vertebra, for mammillary 
process - Al6, U18 
Sacrum: Epiphysis of wing 
near sacro-iliac joints A15-16, U18 


A--appear F--fuse U--unite 

An elaborate report on the appearance and growth of ossification 
centers in white and negro children has been made. (H. K. Kelly 
and L. Reynolds, Am. J. Roentg. and Ra. Th., 57:477, 1947.) 


Dedick and Caffey have reported the Roentgen Findings in the 
skull and chest in 1030 new born infants. 
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Table 0 


APPEARANCE AND UNION OF BONE CENTERS 


ENGELBACH AND McMAHON 


Coracoid process scapula 
Head of humerus (6-7 mos.) 
Capitate and hamate 

Head of femur 

Upper eee tibia (birth) 


Greater Shibercle humerus 
Capitulum, humerus 

Lower epiphysis radius 
Patella (2-3 yrs.) 

Lower epiphysis tibia 

Lower epiphysis fibula 
First and second cuneiforms 


Os triangularis 

Heads of metacarpals 

Heads of phalanges 

Heads of metatarsals (3-7 yrs. 


Greater trochanter femur 
Upper epiphysis fibula 
(3-4 yrs.) 


U. of head and tubercles 
humerus 

Medial epicondyle humerus 

Upper epiphysis radius 

Greater multangular 

Lesser multangular (6-8 yrs.) 

Navicular (carpal) (5- 

Lower epiphysis ulna 

U. of ischium and pubis 

Epiphysis os calcis (7-9 


Trochlea, humerus 
Lateral epicondyle humerus 
(11-12 yrs.) 





Lesser trochanter femur 

U. of head of metacarpals 
14-15 yrs. 

A. of acromion 

Inferior angle scapula 

U. of centers of scapula 
(15-18 yrs.) 

A. of sternal end clavicle 
(15-17 yrs.) 

U. of heads of phalanges, hand 

A. of secondary centers os coxae 
a. Crest of ilium (15-18 yrs.) 
b. Acetabulum (15-16 yrs.) 

U. of primary centers os coxae 

Union of:- 

Distal extremity humerus 

Olecranon, ulna 

Upper epiphysis radius 

Heads of metatarsals 

Heads of phalanges, feet 

Union of:- 

Lower epiphysis radius 

Lesser trochanter femur 

Union of:- 

Head of humerus 

Head of femur 

Greater trochanter femur 

Lower epiphysis tibia 

Union of:- 

Lower epiphysis ulna 

Secondary centers os coxae 
(20-25 yrs.) 

Lower epiphysis femur 

Upper epiphysis tibia 

Lower epiphysis fibula 

Upper epiphysis fibula 

U. of sternal end clavicle 


--Wm. Engelbach and Alphonse McMahon 


Table IL A chronological list of the various ossification centers with their time of appearance 
and union as listed by Engelbach and McMahon is reproduced. 


A--appear F--fuse 


U--unite 
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Table III 


X-RAY PLATES FOR BONE DEVELOPMENT 
ENGELBACH AND McMAHON 








r< 
ms 
mn 


Yrs 








1-5 (1) Full figure, divided on two 14 Plates listed under ages 13 and 
plates 15 
(2) Hands and feet, taken sepa- (1) Clavicle 
rately (2) Scapula 
3) Lateral knee for patella (3) Pelvis (half) 
6 (1) Carpals and tarsals (4) Lateral foot 
(2) Shoulder (5) Hand 
3) Pelvis 6) Lateral elbow 
7 (1) Pelvis a | Elbow (lateral 
2) Carpals Anteroposterior 
8 1) Carpals Pelvis 
2) Lateral foot 1) Carpals 
9 (1) Carpals (2) Tarsals 
2) Lateral foot (3) Shoulder 
10 (1) Elbow (lateral) (4) Pelvis, with hip joint 
(anteroposterior) 5) Ankle (anteroposterior 
(2) Lateral foot Ls Plates listed under ages 18 and 
: 
10 and 12 (1) Carpals, with wrist 
12 (1) Elbow (lateral) (2) Knee (anteroposterior) 
(anteroposterior) 3) Ankle (anteroposterior 
2) Carpals To 1) Clavicle 
13 (1) Hip, with half pelvis 25 (2) Scapula 
(2) Anteroposterior elbow (3) Pelvis 
(4) Knee 


--From Wm. Engelbach and Alphonse 
McMahon (Bull. Assoc. for Study of 
Inter. Secretions, Vol. VII, No. 1, 
p. 1045, Jan. 1924) 


Table Il. For the guidance of the physician in investigation of endocrine disturbance as shown 
by epiphyseal development, the accompanying table showing parts for examination at 
different age periods as outlined by Engelbach and McMahon, may be found helpful. 


A--appear F--fuse U--unite 
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ENDOCRINE INFLUENCE 


on 


EPIPHYSEAL DEVELOPMENT 


Undoubtedly the time of appearance and union 
of the various epiphyses is influenced by the endo- 
crine secretions. 

The thyroid and anterior lobe of the pituitary 
are the structures most prominently concerned. Ac- 
cording to Zuck’s (T.T., J. Pediat., 3:424, 1933) ob- 
servations, “the thyroid is dominant in growth pro- 
motion and anterior lobe of the hypophysis in ma- 
turation.” 

Recent investigation would indicate that the 
hypophyseal secretion contains many hormones. 
Experimental work on hypophysectomized puppies 
has shown that by withholding only the growth hor- 
mone (administering all other pituitary secretions), 
growth of the puppy can be inhibited for years. He 
will not only fail to grow in size but will still main- 
tain his puppy characteristics, silky hair, awkward 
incoordination of movements, playful manner, etc. 
It would seem then, that, at least to some extent, 
physical growth goes hand in hand with maturation 
whether the growth hormone of the anterior lobe of 
the pituitary acts directly or thru its effect on thy- 
roid secretion or whether the thyroid acts upon the 
pituitary it is difficult to say. At any rate, such 
puppies did not show other manifestations of thyroid 
deficiency. 

Roentgenographic examination of the various 
ossification centers should therefore be a key for 
the detection of possible endocrine disturbances. 
The time of appearance of the epiphyses is subject 
to some variation even in normal] individuals; there 
may even be variation in the time of epiphyseal 
appearance in various regions in the same individual. 

At birth, all of the membranous bones are 
well formed and the shafts of all of the long bones 
are well ossified. Secondary centers of ossification 
are present for the head of the tibia and usually for 
the lower end of the femur; that for the head of the 
humerus soon appears, usually by the fifth or sixth 
month, followed soon after, usually the second year 
by the center for the capitellum. A center of ossi- 
fication for the capitate carpal bone is the first to 
appear in the wrist; roughly speaking this is followed 
for the next seven years by the appearance of one 
additional ossification center for each year of life 
in the carpal bones; the pisiform is last to appear— 
nine to eleven years. 

Epiphyseal centers for the metacarpal bones 
and phalanges of the hand appear in the second and 
third years, Centers for the proximal phalanges 
are first to appear, followed almost simultaneously 
by ossification centers for the corresponding heads 
of the metacarpals. In the foot the ossification 
center for the cuboid is present at birth and those 
for the calcaneus and talus appear at the sixth and 
seventh months. 

In appraising the stage of development of in- 
fants and young children then, the bones of the hand 
and wrist, and the cuboid, calcaneus, and talus of 
the foot are the most useful. 

Todd maintains that epiphyseal development 


is subject to such great changes due to faulty nutri- 
tional states that it can only be relied upon for ap- 
proximate estimation of maturation. While his 
method of estimation takes cognizance of epiphyseal 
development, it is not based primarily upon these 
structures. Instead, his “Atlas is devoted to stages 
of maturity decipherable in subepiphyseal surfaces 
and on the bony contour of ossifying epiphyses.” To 
this end he has formulated “maturation determina- 
tors of the skeleton” consisting mainly of contours 
and characteristics of bone structures of the dia- 
physeal ends of bones before epiphyseal centers 
have developed. He utilizes the hand and wrist alone 
in assaying the stage of bone maturation and his 
atlas covers growth from three months of age to 
maturity. Accurate reading of the roentgenograms 
requires precise observation and practice. 

Care must be taken not to mistake incomplete 
pseudoepiphyseal structures as true epiphyses; they 
probably represent faulty developmental structures 
of no pathological significance, (Editorial, Am. J. R. 
and Ra. Th. 70:149, 1953). 

Studies have been made in which, comparison 
of the actual age in years with the bone age as indi- 
cated by skeletal development, was used as a basis 
for prediction of the ultimate height of the individual 
at full maturity. Such prediction curves presuppose 
the continued existence of the same condition which 
gave rise to increased or decreased velocity of 
growth in the first place. They are most useful in 
individuals who show rapid bone growth from endo- 
crine dysfunction. 

From Surgical Treatment of the Motor-Skeletal 
System by F.W. Bancroft and Clay Ray Murray. J.B. 
Lippincott Co., with permission of authors and pub- 
lisher: 

“It is generally agreed that the femur achieves 
approximately 3/4 of its growth from the distal me- 
taphysis, and the tibia and fibula approximately 3/5 of 
their growth from the proximal metaphysis, and that 
almost 70 per cent of the growth of the lower ex- 
tremity takes place at the distal femoral and proxi- 
mal tibial and fibular metaphyses. Therefore, any 
attempt to arrest growth in the lower extremity will 
usually be directed at these areas. White has stated 
that 1/4 to 3/8 of an inch shortening per year during 
growth will ensue following a destruction of the lower 
femoral epiphyseal cartilage plate, and that if the 
upper tibial and fibular epiphyseal plates are simi- 
larly destroyed, twice that amount of shortening may 
be expected. 

“The most significant study of this subject of 
growth of the femur and tibia has been completed by 
Gill, G.K. and Abbott, L.C. They have removed the 
computation of bone growth from the realm of guess- 
ing to what appears to be scientific accuracy. Ina 
recent presentation, as yet unpublished, “A Practical 
Method for the Prediction of the Growth of the Femur 
and Tibia in the Individual Child,” these authors have 
made, I believe, a very significant contribution to 
the subject of growth arrest. With their permission 
the method is presented in abstract form: 
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D. Lengths of Femur and Tibia. This is to be de- 
termined from x-rays of the femur and tibia 
taken at a distance of six feet, the tube to be 
centered in the approximate middle of each 
bone*. From these films the measurements 
are made as follows: 

FEMUR - straight line from tip of femoral 
head to medial lip of internal fem- 
oral condyle at joint line. 

- straight line from medial lip of 
internal tibial condyle at the joint 
line to tip of internal malleolus. 

E. Calculation of Length of Normal Femur and 
Tibia as Percentage of Stature. From the 
height and lengths of the normal femur and 
tibia the present femoral and tibial percent- 
ages of stature are calculated as follows: 

Femoral per cent of stature = Length femur/ 

stature x 100. : 

Tibial per cent of stature = Length tibia/ 

stature x 100. 


II. Estimation of Length of Normal Femur and Tibia 
at Completed Growth. 

A. Estimation of Expected Final Stature. From 
the sex, present age, and height, the individual 
is placed in his or her percentile position in 
the Percentile Chart (Fig. 257, Surgical 
Treatment, Brancroft and Murray). If the 
skeletal maturation age is more than six 
months advanced or retarded, the age charted 
should be the bone maturation age. By follow- 
ing up the chart between the parallel percen- 
tile curves, the expected final stature of that 
individual is obtained. 

B. Estimation of Normal Femoral and Tibia Per- 
centages of Adult Stature. To the present per- 
centages of the normal femur and tibia to 
stature as calculated above in I, E are added 
the amounts either positive or negative as 
given in the adjoining subtable according to 
the sex and the corrected age. This will give 
the estimated adult percentages of these bones 
to final stature. 

C. Calculation of Expected Final Length of Normal 
Femur and Tibia. This is calculated from the 
data obtained above in II, A and B as follows: 

Final length normal femur = Expected final 
stature x adult femoral per cent of stature. 
Final length normal tibia = Expected final 
stature x adult tibial per cent of stature. 


III. Expected Growth from Normal Femur and Tibia. 
Expected growth of normal femur = Ex- 
pected final length of femur - present length 
of femur. 

Expected growth of normal tibia = Expected 
final length of tibia - present length of 
tibia. 


IV. Expected Growth from Individual Epiphyses of 


Normal Femur and Tibia. 
Growth from distal femur = Expected fem- 


oral growth x 70 per cent. 


TIBIA 


Growth from proxima] tibia = Expected 
tibial growth x 55 per cent. 

Growth from distal tibia = Expected tibial 
growth x 45 per cent. 


DETERMINATION OF EXPECTED GROWTH OF 
ABNORMAL FEMUR AND TIBIA: 


This method will give only the expected growth 
of the normal femur and tibia. This information will 
aid in determining the growth of the shorter leg if in 
each case a careful study is made of the mechanism 
of production of the inequality as it relates to the 
growth of the individual epiphyses of the involved 
limb. There are three such mechanisms. A brief 
discussion of the most common example of each fol- 
lows. 


I. Disturbances Confined to Specific Epiphyseal 
Plates. 


This mechanism most commonly follows trauma 
which has caused premature closure of a specific 
epiphysis. As the other epiphyses of that limb 
usually grow at the normal rate, the loss of 
growth is that amount which would have been con- 
tributed by the center damaged. For this reason, 
the calculations may be made entirely on the 
basis of the expected growth of the normal leg. 


Il. Disturbances Affecting Rate of Growth of All 
Epiphyses of Limb. Chis applies to the shorten- 
ing of an extremity due to anterior poliomyelitis.) 


This mechanism most commonly follows polio- 
myelitis, but may be caused by any long-standing 
disabling condition of the extremity. In this group 
the epiphyseal plates are intact but growing ata 
decreased rate as compared with the normal side. 
In these cases great difficulty is often encountered 
in assessing the comparative rates of growth of 
the normal and abnormal] limbs. 

In some instances this information may be ob- 
tained by placing a small vitallium marked in the 
shaft of the femur and tibia of the normal and the 
short leg. We have devised a simple method by 
which these may be introduced subcutaneously 
under local anesthesia. Teleroentgenograms are 
taken immediately after their implantation and 
then at six-month intervals. In this manner we 
can measure the growth from each epiphysis of 
both legs and can determine the comparative 
rates of growth. From this information the growth 
of the shorter leg can be calculated quite ac- 
curately. Of course, some children are seen so 
near the end of the growth period that no time is 
allowed for such studies. In these instances 
epiphyseal arrest may be safely performed on 

the basis of the normal rate of growth. Equaliza- 
tion will then result only to the extent to which 

the corresponding epiphyses of the short leg 
grow. 

Fortunately, in many of these patients, seen at 


*Spot scanography may also be used for accurate measurement of bone length. See “Manual of Roentgeno- 


logical Technique.” 
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the age of 11 or 12, in whom the mechanism has 
been acting since early childhood or infancy, only 
from two to three inches of shortening is present. 
Simple analysis of the difference in the length of 
the bones when compared with the probable growth 
since the onset of the disease, as may be deter- 
mined by calculating backward with our method, 
will show that the actual growth rate of the ab- 
normal leg is so close to that of the normal leg, 
about 85 per cent, that for all practical purposes 
the expected growth may be calculated on the ba- 
sis of growth of the normal leg. 


I. Mechanical Loss in oe (may be associated 
with mechanisms 1 an 


In the third group are placed those cases in 
which all or the greater part of the inequality is 
due to a mechanical cause such as loss of sub- 
stance, overriding, dislocation, or angulation. If 
study shows that the loss in length has been 
purely mechanical, then the rate of growth of the 
epiphyses is normal and the epiphyseal arrest may 
be carried out on the basis of the normal rate of 
growth. In many cases there is also a loss of 
growth due to one of the foregoing mechanisms, 
In such cases the rate of growth may be deter- 
mined as above, the epiphyseal arrest performed 
on the basis of this rate. 

The following example will serve to clarify the 
various steps in predicting the growth of the 
normal femur and tibia. 


Given a girl, age 9 years 


Length of femur = 14.8 inches 
Height = 53 inches (I,C) 

Bone maturation age 10 years (I,B) 
Length of tibia = 12.5 inches (I,D) 


14.8 / 100 _ 98 per 


12.5 / 100 


Femoral per cent of stature = 
cent. Tibial per cent of stature = = 23.5 
per cent (I,E) 


The expected total stature = 64 inches (II, A) 
Femoral per cent of adult stature = 28 + 0.5 = 28.5 
per cent (II,B) 

Tibial per cent of adult stature = 23.5 + (-1.0) = 
22.5 per cent (II,B) 

Final length femur = 28.5 per cent / 64 = 18.2 
inches (II,C) 

Final length tibia = 22.5 per cent / 64 = 14.4 
inches (II,C) 

Expected growth femur = 18.2 - 14.8 = 3.4 inches 


Expected growth tibia = 14.4 - 12.5 = 1.9 inches 
(i) 


Growth distal femur 3.4 / 70 per cent = 2.4 inches 
(IV) 

Growth proximal tibia = 1.9 / 55 per cent = 1.05 
inches (IV) 

Growth distal tibia = 1.9 / 45 per cent = 0.85 
inches (IV) 


Let us suppose that just before the age of 
eight years this child has suffered an injury which 
had caused premature closure of the distal epiphysis 
of one femur, resulting in a shortening of one inch. 
With no treatment, the final shortening of the femur 
will be 1 + 2.4 inches or 3.4 inches. Immediate fu- 
sion of the distal femoral epiphysis will prevent an 
increase in inequality, but leave the one-inch dis- 
crepancy. To gain complete equality of the upper 
tibia epiphysis could be blocked at this time. The 
stature would then be 64 minus 3.4, or 60.6 inches at 
full growth. 

Again let us suppose that this child had poliomye- 
litis in infancy, which has resulted in 2 1/2 inches 
shortening of one leg. The short femur is 13.8 inches 
long or one inch short. The short tibia is 11 inches 
long, or 1 1/2 inches short. Teleroentgenographic 
studies with markers for a period of six months 
have shown that the epiphyses of the short femur 
were growing at 90 per cent of the rate of the normal 
femur, and the epiphyses of the short tibia were 
growing at 80 per cent of the rate of the normal tibia. 
From this we calculate that the short femur will 
grow 3.4 / 90 per cent, or 3.1 inches, to a full length 
of 16.9 inches. The short tibia will grow 1.9 / 80 
per cent, or 1.5 inches, to a final length of 12.5 
inches, The present discrepancy of 2.5 inches will 
increase to a final discrepancy of 3.2 inches. As the 
normal femur will grow 2.4 inches from the distal 
epiphysis, and the normal tibia will grow 0.8 inch 
from the distal epiphysis, immediate fusion of these 
epiphyses will result in equality of length at full 
growth. 

It is also possible to perform epiphyseal arrest 
so that the knees will be of equal height. For in- 
stance, the present length of the normal tibia is now 
equal to the final expected length of the short tibia, 
therefore, fusion of the upper and lower tibial epiphy- 
ses will place the knees at the same height. Equal- 
ization can then be gained by arrest of the distal 
epiphysis of the normal femur at a later date when 
the length of the normal femur approaches the final 
expected length of 16.9 inches of the short femur. 
This is determined as follows: The normal femur 
is already 14.9 inches and should grow only 2.1 inches 
to attain a length of 16.9 inches. Of the 3.4 inches of 
expected growth of the normal femur, 30 per cent or 
one inch is contributed by the upper femoral epiphy- 
sis, which cannot be fused. Therefore, the growth 
allowed from the distal femur will be 1.1 inches. 
During this growth the whole femur will grow 100/70 
/ 1.1 or 1.6 inches, therefore, the distal epiphysis of 
the femur should be fused when the normal femur 
has grown 1.6 inches to a length of 16.4 inches. 

Temporary arrest of epiphyseal growth can be 
obtained by bridging the epiphyseal line with metallic 
staples. These can be removed later if resumption 
of growth is desired. 

Radiation of epiphyses during active growth in 
infants can cause marked retardation with ultimate 
shortening of the extremity, (C. H. Frantz). Growth dis- 
turbance appearing as late as ten years after roentgen- 
ray injury has been reported by A. Langenskiold. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 


QUESTIONS ON EPIPHYSEAL SEPARATIONS 
Questions marked with a dagger deal with rare and less important conditions. 


Are all bones preformed in cartilage or membrane? Does cartilage show in the roentgenogram ? 
Why? Does bone? Why? 


What is an epiphysis? Apophysis? 
. Show by diagrams centers of ossification and epiphyseal lines of: 
Upper end of humerus Ankle joint 
Elbow joint Scapula 
Wrist joint Clavicle 
Hand Pelvis 
Knee joint 


What is meant by an epiphyseal separation and what are its roentgenographic manifestations ? 

Show by diagram how you would proceed to replace a separated lower radial epiphysis. 

Locate the various epiphyses in the hand. What may be used as a key to the epiphyses in the hand? 
Locate the centers of ossification and epiphyses of the elbow. 


What unusual circumstances frequently attend separations of the epiphysis for the inner epicondyle 
of the humerus ? 


Locate centers of ossification and epiphyseal lines for the bones of the shoulder joint. 
Locate epiphyseal lines of ossification centers in foot and ankle. 

What peculiarity is shown in the epiphyses at the knee? 

Locate epiphyses at the hip joint. 

Indicate the sites of epiphyseal lines in the pelvis as seen roentgenographically. 
Indicate epiphyseal lines of the spine as seen roentgenographically. 

What influence does endocrine secretion have on bony development? 

How may the proper bony development for any age be determined? 

Discuss briefly Todd’s method of determination of skeletal maturation. 

What are growth prediction curves and under what conditions are they of value? 
How may epiphyseal arrest be permanently secured? 

How may temporary arrest of epiphyseal growth be established ? 


EPIPHYSEAL SEPARATIONS” 
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Chapter IV 


OTHER EFFECTS OF TRAUMA 


Trauma undoubtedly plays a part in the pro- 
duction of other conditions besides actual fracture 
or dislocation of the bones. Such changes in bony 
structure seem to be brought about mainly through 
injury to, 1) the blood supply, 2) the nerve supply, 
or 3) the adjacent soft part structures. 


Effect of Injury to the Blood SPP Trauma 
may be insufficient to produce an actual fracture 
and yet may, especially if repeated many times 
in the same manner, be sufficient to result in 
disturbance of the blood supply to the bony struc- 
ture at some vulnerable part. If the blood supply 
affected is for the cancellous structure of bone, 
Slow disintegration takes place; roentgenographic 
examination immediately after injury may show 
normal bone texture, only after a considerable 
period of time does the normal bone architecture 
disintegrate and the bony structure collapse. After a 
time revascularization takes place and repair is 
brought about by fibrous tissue replacement of the 
dead bone, organization and new bone. This is re- 
ferred to as a process of “creeping replacement” 
(D.B. Phemister). Sometimes the repair impulse 
does not continue long enough for complete repair 
and necrotic areas may remain. If the blood supply 
that is interfered with is from a small end artery in 
the subchondral region of a joint, a tiny infarction 
occurs, depriving a small fragment of the articular 
cortex of its nutrition. If the blood vessels which are 
interfered with supply the metaphyseal region of a 
growing epiphysis, softening occurs and, if the epiphy- 
sis is under stress or strain, detachment and slipping 
of the epiphysis may occur. 


Injury to the Blood Supply of Cancellous Bone 
Examples are: 
1) Traumatic Osteitis of the Carpal Bones— 
Kienbdéck’s Disease 
2) Cystic Degeneration of Scaphoid (Navicular) 
Bone 
3) Spondylitis Traumatica Tarda—Kimmell’s 
Disease 
4) Burns 
5) After X-Ray Therapy. 
The method by which trauma results in these changes 
is not always entirely clear nor is the traumatic 
etiology of all the conditions which we will consider 
under this heading conceded by everyone, but the 
general consensus of opinion is that trauma is a 
definite factor in their production. 


TRAUMATIC OSTEITIS OF CARPAL BONES-- 
KIENBOCK'S DISEASE* (Fig. 60A). Traumatic osteitis 
of carpal bones is a condition affecting principally the 
semilunar (lunate) and scaphoid (navicular) bones. 


When the condition involves the semilunar, it is known 
as Kienbock’s Disease or “Lunatomalacia®; when it in- 
volves the scaphoid, it is known as Preiser’s Disease. 
The pathologic process, however, is probably similar 
in both bones. It occurs most frequently in young 
males, between twenty 
and thirty years of age. 

The cause of the 
condition is most fre- 
quently ascribed to in- 
jury, either a single 
severe trauma or to 
repeated less severe 
injuries, such as strik- 
ing with the butt of the 
hand in some manufac- 
turing process. 

It is felt that 
lunatomalacia is the 
result of fatigue frac- 
ture or a single trau- 
matic fracture giving 
rise to irreversible 
circulatory disturbance 
and necrosis in lunate 
bone. 

The ensuing effects are probably the result of 
interference with the normal blood supply of the bone, 
not the immediate result of injury. The bone loses 
its normal shape, becomes irregular in outline and 
denser in appearance. There is no evidence of infec- 
tion, merely a condensation of the bone, At times 
there may be associated cystic degeneration. 

Santozki and Kopelmann recognize four stages 
based on roentgenological and histological findings: 

1. roentgenologically normal; histo-pathologi- 
cally primary subchondral bone necrosis; 

2. roentgenologically thickening and rarefaction 
of the bony structure with maintenance of normal 
form (no fracture) and occasional sequestrum forma- 
tion; histopathologically fractures of the necrosed 
bone trabeculae with intact bony shaft; 

3. roentgenologically bone deformity with un- 
even structure, zones of increased and decreased 
opacity, and pathological fracture; histo-pathologi- 
cally layers of granulation tissue with osteoclasts 
and osteoblasts around the necrotic bone foci, fibrotic 
bone marrow (resorption of the necrotic bone sub- 
stance and new bone formation); 

4. roentgenologically reappearance of the nor- 
mal structure leading to complete restitution but with 
marked deformities; later of the arthritis deformans 
type; histo- pathologically, restoration of the bone 
(formation of spongiosa trabeculae with calcium de- 
posits) and changes of the cartilage resulting in ar- 
thritis deformans. 





Fig. 60A 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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Roentgenographically, comparison with the 
bones of the uninvolved wrist reveals the extent to 
which the involved bone has been flattened in size 
and disturbed in contour and density. 


Clinically there is pain on motion and swelling 
over the involved area. The disease is chronically 
disabling and the bone may have to be removed; even 
operation may not remove the disability. 


SPONDYLITIS TRAUMATICA TARDA (KUM- 
MELL'S DISEASE) (Fig. 60B). Spondylitis traumatica 
tarda is a condition in which at some remote period, 
usually months later, after relatively slight trauma, 

the spongy vertebral body of 
the vertebra disintegrates 
\ and collapses. At the time 
o ee) of injury there is no roent- 
HAY 
foe. woe 






genographic evidence of 
disease and the patient may 
have no immediate symp- 
toms. Later with collapse 
of the body of the vertebra, 
symptoms develop. The 
posterior portion of the 
vertebral body is protected 
from collapse by the 
stronger more compact ar- 
ticular processes, so that 
the resulting collapse of 
the anterior portion of the 
body produces a wedge- 
shaped deformity. It may 
be associated with some 
thinning of the interarticu- 
lar disc, but this usually is 
not a conspicuous characteristic of the disease; this 
would indicate that the condition has some other eti- 
Ological factor than injury to the nucleus pulposus. 

The explanation of the condition which seems 
most plausible is that trauma insufficient to cause 
actual fracture results in disturbance in the circula- 
tion leading to nutritional atrophy. There are some 
who feel that it may be caused by local hyperemia 
following traumatic injury to the autonomic nerve 
control of the capillaries of the bone. 

Tomographic examination is necessary to 
demonstrate the finer detail of the bony structures 
and smallest fracture fragments. It is especially 
useful to demonstrate fine fractures in special loca- 
tions such as the odontoid process, the articular 
facettes, body of vertebrae to see if spinal canal is 
involved and in other fine bony structures. (q.v. 

p. 7). 

Pathological studies in moderately advanced 
cases have revealed many small hematomas in the 
spongiosa of the vertebral bodies with rarefaction of 
bone; in well-established cases, a complete break- 
down of the bony structure was noted. An instance 
has been reported in which the vertebral disc adja- 
cent to the vertebra also had undergone “a similar 
process of nutritive starvation through traumatic 
obliteration of blood vessels and trophic supply.® 

In any event, the ultimate prognosis is favor- 
able, 





Fig. 60B 
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SPONTANEOUS FORWARD LUXATION OF THE 
CERVICAL SPINE. The atlas and axis articulate by 
four groups, 1) the anterior ring of the atlas with the 
odontoid process of the axis; 2) posterior surface of 
the odontoid process with the transverse ligament; 
3) and 4) the joints between the lateral masses on 
either side. The synovial membranes of all of these 
joints often communicate freely. These joints are 
drained by the retropharyngeal lymph nodes into 
which, by the deep lymphatic channels, the naso- 
pharyngeal, tonsillar areas, middle ears, teeth and 
nose are also drained, making the spread of infection 
through these channels readily possible. This may 
result in spontaneous forward luxation of the atlas on 
axis due to increase in fluid in the joint between the 
odontoid process of the axis and the ring of the atlas. 
This is readily detected in the lateral view of the 
upper cervical spine by increase in width of this 
articulation, (Couttos). 

Pratt has pointed out that forward spontaneous 
luxation of the first on the second cervical vertebra 
may also occur in association with chronic as well as 
acute infection and asserts that “the cause of spon- 
taneous atlanto-axial dislocation is the same whether 
the condition is due to acute or chronic infection. 
Hyperemia which is associated with cervical infec- 
tion results in decalcification of the axis resulting in 
detachment of the transverse ligament permitting 
gliding forward of the atlas on the superior surfaces 
of the axis with flexion of the head, (see p. 31). Re- 
placement of bone marrow by fibrocollagenous tissue 
showing inflammatory cells has been observed on 
microscopic examination, This is observed in patients 
having rheumatoid conditions elsewhere in the spine, 
also. 


BONE CHANGES IN FROST BITE. Vinson and 
Schatzki found little if any bone changes in a large 
percentage of frost bite injuries at any time even if 
mummification of soft tissue had occurred. Osteo- 
porosis was noted about the fourth to tenth week. Two 
months after frost bite a sequestrum may form at tip 
end of terminal phalanx which may separate after an- 
other month. 

In some cases tiny, rounded punched out areas de- 
veloped in the bone several months later and there 
was narrowing of the joint cartilages, similar to the 
lesions which occur in rheumatoid arthritis. 


RADIATION OSTEITIS. Numerous instances of 
spontaneous fracture following prolonged radiation 
therapy have been encountered. Such fractures are 
usually manifested as fine cracks in the cancellous 
bone structure; they usually heal if given proper im- 
mobilization, (Slaughter). 


ELECTRICAL BURNS - SEQUESTRATION. 
Severe electrical or thermal burns may result in 
complete destruction of the blood supply to a segment 
of bone which ultimately will result in sequestration 
of that part. The bone may appear perfectly normal 
immediately after the accident. Several weeks may 
elapse before the sequestrum becomes evident in the 
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roentgenogram. This is due to disintegration of the 
media of the arteries, not the intima. 

Grayish white, pearllike globules consisting of 
calcium phosphate have been found in the edges of 
such wounds or near the body of the individual. It 
has been assumed that the high temperature of the 
electric arc causes melting of calcium salts of the 
bone, (Pearl; Jellinek; Jaffe). 


Injury to Blood Supply of the Subchondral Re- 
gions of Joints. Examples are: 


1. Osteochondritis dissecans; 
2. Osteochondritis deformans metatarso- 
juvenalis—Freiberg’s Infraction. 


LU. 
h / 


Fig. 61A 


OSTEOCHONDRI- 
TIS DISSECANS* (Fig. 
61A). Osteochondritis 
dissecans is a condi- 
tion occurring in 
adolescence or young 
adult life, character- 
ized by quiet subchon- 
dral necrosis, with 
separation of a small 
triangular fragment of 
the articular cortex of 
the bone. It does not 
seem to be associated 
with pyogenic infection, 
but is most probably 
caused by interference 
with the blood supply 
to the affected area as 
a result of trauma. 
The site of most fre- 
quent involvement is the inner condyle of the femur, 
although it does occur in other locations, such as the 
head of the femur, the patella, the lower articular 
surface of the ankle, the head and the capitellum and 
supratrochlear fossa of the humerus, (Morgan). It 








Fig. 61B 





may be bilateral and cases have beenreported in 
which it was hereditary. 

Roentgenologically the articular cortex of the 
involved joint shows a small roughly triangular piece 
of bone separated by a zone of rarefaction from the 
main bony structure. At the onset the fragment is 
held in place by the intact articular cartilage, but 
later on, this may also give way, and the fragment 
of bone may be extruded into the joint, becoming a 
joint mouse. If this occurs, or if the involved area 
is very large, surgical removal may have to be re- 
sorted to; if it is small, nature may repair the defect 
in the bone. Ordinarily it does not produce any 
marked degree of permanent disability, (Hutchinson). 


DEFORMING OSTEOCHONDRITIS OF THE 
METATARSOPHALANGEAL JOINTS (FREIBERG'S 
INFRACTION)* (Fig.61B). Osteochondritis de- 
formans metatarsojuvenalis is an osteochondritis of 
the head of the second or third metatarsal bone, oc- 
curring most frequently in adolescence but remaining 
throughout life. Its cause is not definitely known, but 
it has been most frequently ascribed to trauma ap- 
plied to the head of the metatarsal bone from abnor- 
mal pressure, resulting in some interference with 
normal blood supply to this portion of the bone. It 
may be that it is akin to osteochondritis dissecans, 
but in this instance involves the entire articular end 
of the bone. It has been seen in tennis players and 
toe-dancers, but in the majority of instances, no such 
cause of unusual trauma is present. 


Pathologically the process is much the same as 
in osteochondritis dissecans; there is quiet subchon- 
dral necrosis of the bone without evidence of pyogenic 
infection; ultimately the entire articular surface and 
head of the bone become destroyed, but there is no 
periosteal reaction or other manifestation of pyogenic 
infection. Small loose cartilaginous bodies may be 
present. 

Roentgenographically the head of the involved 
metatarsal bone shows destruction, losing its normal 
rounded appearance and acquiring a crescentic in- 
dented appearance, the margins of which correspond 





Fig. 61D 
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very closely to the normal extent of the articular 
cartilage. The margin of the destroyed area is rough 
and irregular and the end of the bone may be widened 
and thickened. The articular margin of the adjoining 
phalanx may be widened to correspond with the wid- 
ened end of the metatarsal bone, but it ordinarily 
does not show destruction of bone. There is no peri- 
osteal new bone formation. 

Clinically this abnormal condition is associated 
with pain and discomfort, but this is not so severe as 
to be totally disabling. Once present, the condition 
tends to: persist throughout life. Operations for the 
removal of the articular end of the bone may be of 
benefit but removal of the head often only increases 
the disability. 


PANNER'’S DISEASE. A somewhat similar 
disease involving the second metatarao-phalangeal 
joint and the head of the adjacent metatarsal bone is 
Panner’s metatarsal disease. Clinically, it is in- 
sidious in its onset, begins with pain when walking, 
showing tenderness to pressure especially over the 
dorsal aspect. There is soreness on motion es- 
pecially from side to side but no evidence of infec- 
tion. It occurs most frequently in girls between 10 
and 14 years of age but had been reported in adults. 

It runs a protracted course but usually heals 
spontaneously after a year or so. Application of a 
plaster cast may be necessary to give relief from 
pain. 

Roentgenographically, the articular surface of 
the head of the second metatarsal is somewhat flat- 
tened and ireegular in contour with indentations but 
it is clearly outlined and never shows the semilunar 
destruction of the head of the bone seen in Freiberg'’s 
Infraction. There is irregular spotty rarefaction 
and in places more condensed areas; the diaphysis 
appears normal, the shaft seems slightly thickened. 
At times small ossicles may develop in the tendons 
or adjacent fibrous tissue. In severe cases there 
may be a tremendous overgrowth of the surrounding 
fibrous tissue and thickening of the tendon sheath. 
This may be so great that it may give the impres- 
sion of a neoplasm; if resected it promptly recurs. 
Calcium may be laid down in this newformed fibrous 
tissue, but this likewise disappears as the condition 
gets well. A similar case involving the capitulum of 
the lower end of the humerus at the elbow, Panner'’s 
disease of lower humerus, has been reported by 
Rokkanen. The characteristic of the bone lesion, 
asceptic necrosis is somewhat similar to Perthe’s 
Disease. 


Injury to Blood Supply of Metaphyseal Region. 
Examples are: 

1) Femoral osteochondritis of adolescence 

2) Caisson Disease 


FEMORAL OSTEOCHONDRITIS OF ADOLES- 
CENCE OR SLIPPING OF FEMORAL EPIPHYSIS- 
EPIPHYSEOLYSIS (Fig. 61D). The most striking 
example of interference with the blood supply to the 
metaphyseal area is seen in spontaneous slipping of 


the epiphysis for the femoral head. The weakening 
brought about by the interference with proper blood 
supply permits the epiphysis to slip due to the weight 
of the body. 

Femoral osteochondritis of adolescence or 
spontaneous slipping of the epiphysis for the head of 
the femur is a condition occurring in adolescence, 
most frequently in males between the ages of twelve 
and fifteen years of age. The cause is not definitely 
known, but there is evidence to indicate that some 
interference with the blood supply to the metaphysis 
of the bone, due probably to trauma, may bring about 
the condition. The condition is usually unilateral, 
but occasionally both sides may be involved. 

Clinically the initial symptom is usually limp- 
ing with stiffness and pain in the joint, followed later 
by shortening, limitation of motion and deformity. 

Pathological manifestations are sclerosis of 
the bone with thickening and oedema of the surround - 
ing soft parts; there is no evidence of infection. The 
epiphysis for the head of the bone is displaced down- 
ward in relationship to the neck as a result of the 
upward pressure of the extremity. 

Roentgenographically the epiphysis for the head 
may take on a chalky dense appearance, much the 
same as the appearance of a piece of sterile dead 
bone; the head remains in the acetabulum, but the 
diaphyseal fragment of the neck is displaced upward. 
Even if the part is put at rest, the process once 
started seems to continue to its own conclusion. 
Operative replacement of the epiphysis is sometimes 
successful but at others it seems to be of little bene- 
fit. Best results are obtained in cases where the 
condition is discovered early before wide displace- 
ment has occurred. A lateral view of the hip may be 
of value in appraising the extent of the displacement. 
For early diagnosis the epiphysis for the head slips 
below a line drawn along the upper edge of the neck 
of the femur; normally the upper edge of the head 
projects above this line, (Klein). 


Effect of Injury to the Nerve Supply. Sympa- 
thetic Nerve Involvement. Nerve involvement may 
account for pathological defects in bony structures. 
This may be from injury to the sympathetic nerves 
themselves or actual impingement of nerve trunks 
against bony structures. A striking example of the 
effect of interference with the nerve supply to bone 
is seen in Post Traumatic Acute Bony Atrophy. (For 
bone changes following injuries to the central nerv- 
ous system, see chapter on Neutrophic Conditions of 
Bone.) 


POSTTRAUMATIC ACUTE BONE ATROPHY— 
SUDECK’S ATROPHY* 


Posttraumatic acute bone atrophy is a rare con- 
dition in which the bones of an extremity, often distal 
to the site of trauma, undergo acute bone atrophy after 
severe or even Slight injury. This condition is most 
frequently seen in bones of the hands and feet, but it 
occasionally occurs in the diaphyses of long bones. It 
may become chronic and run a protracted course. 
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Plewes reports an instance of about one in 2000 acci- 
dents to the hand. There is some close relationship 
between Sudeck’s atrophy and thickening of the 
palmar fascia. 

The etiology of this condition is not clear, 
but it is believed by some to be due to injury to 
the trophic nerves controlling the blood vessels, 
thus affecting the blood supply. 

Clinically the condition has its onset a few 
days after trauma—even slight trauma—with pain, 
tenderness and limitation of motion of the joints or 
parts distal to the injury. The skin may become 
shiny and thin and the joints distal to the injury 
may swell and ultimately become ankylosed. 

Roentgenologically the bone shows an extreme 
degree of bone atrophy or osteoporosis with loss 
of lime salts and penciled outline of the bone simi- 
lar to but much more pronounced than bone atrophy 
from disuse. In the canceilous portions of the 
bones the atrophic condition assumes a spotty, 
motheaten appearance. The transverse diameter 
of bone may be especially diminished. There is 
associated atrophy of the muscles and subcutaneous 
tissue. 

One sign by which this condition can be 
recognized as differing from ordinary osteoporosis 
or atrophy of disuse, is the early atrophy and 
thinning of the articular cartilages; ordinary osteo- 
porosis does not affect the cartilaginous struc- 
tures. Likewise, the pain which is extreme in 
this condition seems to become worse with immo- 
bilization, a condition contrary to what would be 
expected from arthritis. Recovery has been re- 
ported following periarterial sympathectomy and 
vigorous massage and manipulation, if the bone 
and joint changes are not too far advanced. A 
somewhat similar condition has been described 
following trauma to the large joints, (Jaffe). 

Multiple spontaneous fractures in the long 
bones of infants suffering from chronic subdural 
hematoma have been reported, (Caffey; Jungmann). 

Caffey feels that trauma plays a greater part 
in disease of the bone other than actual fracture and 
dislocation. Aside from these major conditions 
there are two other basic traumatic radiographic 
findings which must be considered: terminal ir- 
regularities in the metaphyses and external thick- 
ening of the cortical walls. 

Metaphyseal fragments may as a result of 
trauma be torn off and completely separated from 
the shaft; it may be several days for them to be 
demonstrated radiographically. Healing of the bone 
may cause squaring effect of the metaphysis. 

External cortical thickening may proliferate 
because of injury causing the periosteum and shaft 
to undergo profound thickening with blocking or 
squaring of the end of the bone. 


OSSEOUS CHANGES IN VARICOSE ULCER.* 
Sclerosing osteitis and periosteal reaction have 
been noted in patients suffering from varicose veins 
of the leg. The periosteal reaction may be extreme- 
ly prolific, even shaggy in appearance, at times 


even suggestive of osteogenic sarcoma. Such changes 
have been noted even before ulceration occurs, 
(Gilbert and Voluter). 


NERVE TRUNK PRESSURE 


SCALENUS ANTICUS, MUSCLE SYNDROME; 
SCALENUS NEUROCIRCULATORY COMPRESSION 
(Fig. 62). Nerve trunks as they go through bony ori- 
fices or over bony prominences are apt to become 
impinged upon the bony structures. Passage of nerves 
through spinal foramina which have been deformed 
from injury or disease may give such symptoms. In 
certain locations the relationship of the vessels and 
nerves to the bony structure may give rise to the un- 
usual symptoms. 


A syndrome occurs consisting of pain along the 
area supplied by the brachial plexus also occasionally 
in the deltoid region, supraclavicular fossa, or local- 
ized to the seventh cervical spine, due to compres- 
sion of the brachial plexus or subclavian artery by 
the scalenus anticus muscle. This muscle arises 
from the transverse processes of the third, fourth, 
fifth and sixth cervical vertebrae passing downward 
and somewhat laterally beneath the clavicle inserting 
into a tubercle on the first rib. The muscle makes 
an acute angle with the portion of the first rib lateral 
to it due to the downward slope of the rib. In patients 
having an anomalous cervical rib or prominent trans- 
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Fig. 62 


verse process of the seventh cervical vertebra, this 
angle is most pronounced. The subclavian artery and 
brachial plexus lie behind the scalenus anticus muscle 
passing over the rib along the outer margin of the 
muscle. Pressure of the muscle, on either the nerve 
plexus or the artery or both, gives rise to a charac- 
teristic syndrome. 

This consists of: 1) pain over the area supplied 
by the brachial plexus, occasionally over the deltoid 
area, supraclavicular fossa or localized to the 


10 


seventh cervical vertebra; 2) numbness and hyper- 
aesthesia usually along the ulnar distribution; 

3) muscular weakness; 4) the pulse may be dimin- 
ished on the affected side, and, 5) there may be 
tenderness over the scalenus muscle. 

The condition may occur as a result of muscu- 
lar activity by some unusual movement of the shoul- 
der; or it may occur without reference to muscular 
activity especially in slender-necked individuals. 
The explanation for the development of this condition 
in later life, or following extreme exhaustion, is 
found in the relaxation of the muscles allowing the 
shoulder to droop. Elevation of the shoulder and im- 
mobilization usually gives relief; otherwise surgical 
cutting of the scalenus anticus muscle or removal of 
a projecting cervical rib (Spurling and Bradford) 
must be resorted to. 


DEFICIENCY IN BONE STRENGTH; FATIGUE FRAC- 
T R CH FRACTURE; STRESS FRACTURE, 


“MARCH®” OR “STRESS® FRACTURE (PIED 
FORCE) (Fig. 63). This is a condition which involved 
the distal portion of the shaft of one or more meta- 
tarsal bones, although any other of the weight-bear- 
ing bones may be involved. It is characterized by a 
localized prolific overgrowth of periosteal new bone. 
Usually no history of direct trauma can be obtained 
and no actual line of fracture may be visible in the 


roentgenogram. In one instance where the involved 
bone resected because 
of suspicion of malig- ge 


nancy, microscopic 
evidence of fracture 
was detected. The 
periosteal thickening 
is often related to the 
insertion of the in- 
terosseous muscle. 
It is most frequently 
seen in soldiers, 
nurses and others 
whose duties require 
them to be on their feet 
for long periods of 
time. 

Experiments con-= 
ducted by the U.S. Army 
indicate that the condi- 
tion becomes more prev= 
alent as the weight of the 
soldier’s pack is in- 
creased and his training 
becomes more strenuous. 
It is also believed from 
these experiments that such microscopic fractures 
occur as a result of tiring out of the muscles caus- 
ing unusual strain on the ligaments which permits 
microscopic movement in the cancellous structures 
of the bone. This abnormal movement stimulates 
new bone formation which may appear as a linear 
area of bone sclerosis when the fracture involves 
cancellous bone, or as pronounced periosteal new 
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bone formation if it involves the compact shaft of a 
bone. These fractures are therefore referred to as 
“fatigue fractures,” or more specifically *stress”® 
fractures. They occur most frequently in the meta- 
tarsal bones, os calcis, tibia, hip, and bones of the 
pelvis. Recovery is prompt on relief from the ab- 
normal activity. (Winfield and Dennis) 

Similar fractures of the fibula occur in skaters 
(C. F. Ingersoll), and fractures of the first rib have 
been reported from carrying heavy weights, (barracks 
bag fractures). 

Burrows has reported the occurrence of fatigue 
infractions of this type in the middle of the tibial 
shaft of ballet dancers, The chief symptom was lo- 
calized pain on leaping; roentgenologically there was 
a soft tissue swelling over the skin and a horizontal 
fissure with infraction. Devas and Sweetnam have 
reported 50 cases of stress fracture of the fibula in 
athletes especially in runners, some with abrupt and 
some with insidious onset. All heal after prolonged 
rest, 


ROENTGEN (THERAPY) FRACTURES 


Somewhat similar spontaneous fractures have 
resulted after prolonged roentgen therapy for other 
cause. These are probably due to endarteritis which 
tends to produce aseptic necrosis. In radiation 
therapy of carcinoma of the cervix the dose of ra- 
diation received by the hip joint is usually below 
that necessary to produce complete devitalization of 
the bony structures. The subcapital zone of the femur 
is rendered more susceptible to a “stress” or “in- 
sufficiency” type of fracture however. These frac- 
tures usually heal well if not displaced after a pro- 
longed period and complete aseptic necrosis rarely 
develops, (Bontiglio). Stephenson and Cohen in re- 
viewing 21 fractures of the hip following radiation 
therapy conclude that damage to the bone cells them- 
selves must be a contributing cause since micro- 
scopic examination of the blood vessels did not seem 
to show such serious damage. 


Effect of Injury to the Adjacent Soft Tissue 
Structures, Injury to soft tissue structures ad- 
jacent to bones and joints may result in pathology 
detectable in the roentgenogram. In order for 
such lesions to be detectable there must be some 
change in density of the pathological area and the 
surrounding soft structures. For instance, air in 
the tissue, associated with compound fractures or 
infection with gas-forming organisms would be 
readily detectable. Gas or vacuum spaces produced 
by sudden forcible separation of joint surface are 
readily visualized as dark streaks within the joint 
outlining its articular cartilage. Calcium deposit in 
the soft tissues likewise serves to demonstrate cer- 
tain pathological states within the soft tissues. Cal- 
cification in the soft tissues may result from chronic 
irritation of the bursae or tendinous attachments or 
from large unabsorbed hemorrhage into the inter- 
stitial or intermuscular tissue. 

Gondos has suggested the term periarthritis 
calcarea for what is commonly called bursitis, mani- 
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long period of time, may result in calcification in the 
ligament or bursa. 

Calcification of the intervertebral discs in 
children has been observed (Peacher and Storrs) pos- 
sibly as a result of infection or trauma, with subse- 
quent absorption even after a three year period. 


MILK DRINKER’S SYNDROME 


Extreme calcinosis with large amounts of cal- 
cium deposited in the soft tissues of the body, occur- 
ring in individuals who for some reason have been 
required to drink large quantities of milk such as in 
the treatment of peptic ulcer, in the presence of renal 
insufficiency constitute “milk-drinker’s syndrome.” 
Pointed out first by Burnett, et al. as a syndrome fol- 
lowing the prolonged intake of milk and alkali, it is 
evident that the essential diagnostic findings are cal- 
cinosis with large calcium deposits throughout the 
soft parts, in an individual with renal insufficiency. 
Poppel et al. have reported two additional cases with 
striking findings. 

Dworetsky has reported the complete disappear- 
ance of the calcium deposit after restriction of the in- 
take of milk. 

Calcification of interarticular fibrocartilage 
especially of the knee (Fig. 64C) is not an uncommon 
finding with few if any symptoms, Calcified deposit in 
hyalin articular cartilage is a rather rare occurrence, 
Bunje and Cole have reported such a case with multi- 
ple joint involvement with mild arthritic symptoms but 
nothing to indicate its etiology. 


TRAUMATIC CALCIFICATION OF COLLAT - 
ERAL TIBIAL LIGAMENT OF THE KNEE--PELLI- 
GRINI-STIEDA'S DISEASE (Fig. 64C). As its name 
implies, this is a calcium deposit in the collateral 
tibial ligament or bursa which follows trauma. It may 
result from pressure of a cast. At the onset the in- 
jury may not seem very severe, but the patient com- 
plains of pain, in spite of negative roentgen findings. 
Several weeks or months later, calcium deposits in. 
the soft tissues overlying the medial condyle of the 
femur will be seen to develop. This may be due to 
calcium deposit in the ligament or in the long slender 
bursa which is in close relationship to the ligament. 

Other bursae of the knee may, likewise, show 
calcium deposit, (Norley and Bick). 

Roentgenographically this appears as a dense 
calcareous band running along the inner side of the 
knee joint, from one-half to eight centimeters long 
and two or three millimeters thick, bridging across 
between the bones of the knee joint. Often the cal- 
careous deposit can be seen to extend for a short 
distance into the interarticular cartilage at its at- 
tachment. A similar condition may occur in the 
Achilles tendon. 

The prognosis as to ultimate complete recover 
must be very guarded. It would seem that roentgen 
therapy might be of some avail since it is of value in 
the treatment of bursitis elsewhere. Too early sur- 
gical interference may result in recalcification. 

Heat and diathermy rarely restore proper func- 
tion. Since x-ray therapy is of value in bursitis 


or 
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elsewhere, it may be of value in this location. Sur- 
gical removal may be necessary. 

Osteosis Cutis is a condition in which small 
rounded bone deposits develop within the skin, near 
tendons or joints. According to Riebel and Praver it 
probably represents repair of traumatic or infectious 
origin with calcification and subsequent heterotopic 
bone formation, 


PHLEBOLITHS.* Calcareous deposits occur in 
the walls of the veins, especially where they are sub- 
jected to trauma or constant irritation. They are 
frequently observed as rounded white deposits in the 
soft tissues anterior to the tibia. They should not be 
confused with calcium deposits in the soft tissues 
from other causes. 


EHLERS-DANLOS SYNDROME (Fig. 64D). 


Numerous rounded shotlike nodules, showing calcium 
incrustation resembling phleboliths occurring in the 


subcutaneous tissues of the extremities have been 
described as part of Ehlers-Danlos Syndrome, (J.F. 
Holt). Microscopically, they appear to be degenerated 
fat globules encrusted with calcium salts. The other 
factors constituting the syndrome are: 

1. hyperplasticity of the skin 

2. fragility of the skin and blood vessels 

3. hypermobility of the joints 

4. pseudotumors over the bony prominence. 

It is probably due to a developmental anomaly 
since it is frequently associated with other varia- 
tions. They differ in appearance from phleboliths in 
that they have a clear center appearing ringlike in 
place of solid structures, Katz and Steiner have em- 
plf&isized the microscopic appearance by special 
staining methods to show hypertrophic elasticity of 
the tissues. They have called attention to large 
masses of ectopic bone which occasionally develop in 
muscles about the hip; which occur in paroplegia, 

A classical case has been reported by Katz and 
Steiner in which there were large masses of mature 
bone in the lower extremities, especially in the hip 
muscles, 


CALCIFIED HEMATOMA* (Fig. 64E). A large 
hematoma of the soft parts may not absorb but may 
undergo calcification. In order for blood to undergo 
calcification in the tissues it seems that it must be 
in interstitial or intermuscular tissue. 





Fig. 64E 


The irregular blood clot undergoes calcification 
even ossification instead of absorption and be- 
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or injury, unassociated with herniation of the disc 
which would indicate that some other mechanism 
may be present. Raines suggests that “the radio- 
lucencies are due to disc degeneration which pro- 
duces a cracking or fissuring of the disc sub- 
stances.” 


CAISSON DISEASE - BONE MARROW IN 
FARCT, (Fig. 641). Gases go into solution in ever- 
increasing amounts as the gas pressure is increased; 
if the gas pressure is then released the supercharged 
solution will rapidly give off its excess charge of gas 
in the form of bubbles. A common example of this 
reaction is seen in the bubbles of gas which form in 
soda water when the cap of the bottle is removed. 
Similarly, in individuals who work under increased 
air pressure such as divers, the blood becomes 
supercharged with air. If the individual is trans- 
ferred too quickly to ordinary atmospheric pressure, 
the excess air in the blood will form bubbles of gas 
free in the circulating blood. It has long been known 
that such individuals experience severe pains and 
muscular contractions known as the “bends.® 

The cause of the “bends® has been shown to be 
due to air emboli in the vessels in and about the 





joints. Fat in the bone marrow absorbs roughly 5 
times as much air as the other tissues so that 
aseptic infarcts of this type are most apt to occur in 
the bone marrow. These are not detectable at the 
time but later heal with calcification showing in the 
roentgenogram as irregular calcium deposits within 
the medullary canal. 

Roentgenographically, in the acute stage, these 
bubbles of air can be demonstrated in the periarticu- 
lar regions as radiotransparent areas. They may be 
demonstrable only for a short time but when they 
first occur they can be readily recognized. 

It seems that fatty tissue is most likely to be 
attacked and undergo necrosis from such emboli 
possibly because of its greater absorbability of ni- 
trogen. The mechanism by which the bone changes 
found in the roentgenogram are produced is not fully 
understood in so far as experimental air embolism is 
not followed by such changes. Perhaps pressure from 
gas liberated within the medullary canal may play a 
part in the death of the bone marrow. At any rate 
large areas of aseptic marrow necrosis may result. 
These may not be demonstrable at the time but later 
the necrotic tissue is replaced by irregular calcifi- 
cation within the medullary canal which is readily 
demonstrable in the roentgenogram. Calcification 
occurs at first at the edges of the area of fat necrosis 
but as time goes on the entire area may be replaced 
by an irregular area of calcium deposit. Similar 
changes may be seen about the joints with areas of 
aseptic necrosis, fibrocystic changes and exostosis 





Fig. 641 
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formation. Oddly enough, many instances have been 
reported of similar bone changes in individuals who 
have never been subjected to air pressure. These 
probably represent calcifications from arterio- 
sclerosis. Experimental infarction of bone in ani- 
mals produces similar results (Foster). 

A similar appearing lesion has been reported 
in which microscopic examination revealed, “bone 
and cartilage imbedded in blood clot. The bone 
trabeculae were in general well preserved. Only 
small areas of cartilage appeared normal]; the rest 
showed degenerative changes of varying degree, and 
small areas of calcification,® (Laurence and 
Franklin). No mention was made of infarction and 
there was no history of trauma. 

Strangely enough, small infarcted areas near 
the joint margins may give rise to cystlike areas of 
destruction resembling malum coxae senilis. This 
is probably one of the most common manifestations 
of Caisson Disease. 

It is believed by some that small calcified 
islands of cancellous bone may be due to small bone 
infarcts during development, (Steel). 

Poppel and Robinson point out that the lesions 
encountered in Caisson Disease may at least at the 
onset be more like snow caps in the bony struc- 
tures over the ends of the bone before destruction 
has taken place. The location of the lesions are 
most frequently in the head of humerus about 
the knee and in the tibia. Infarcts in the medullary 
canal may not be detectable for several months. 


BAKER'S CYST OF THE KNEE (Fig. 64J). 
This is a herniation of the capsule of the knee joint 
posteriorly into the popliteal space. It presents a 


palpable tumor mass which is attached to the capsule 


of the joint and can be clearly demonstrated by re- 


moval of fluid and injection of air into the knee joint. 
It probably is originally caused by trauma. Complete 


resection and repair is essential for cure. 





Fig. 64J 


The knee joint is subject to many variations in 
its extent and location. A large plica may divide the 
suprapatellar portion of the joint, and it is possible 
for similar cystic swellings to occur in many loca- 
tions about the joint, (Pipkin). 


SKELETAL TRAUMA IN INFANTS 
eee 


Attention has been called to the amazing roent- 
gen manifestations of unrecognized skeletal trauma in 


infants, (Silverman). For the most part, these repre- 
sent calcification of hemorrhage from ligamentous 
and periosteal tears resulting usually from strain on 
various joints. They may not be immediately detect- 
able, but within a short time calcification begins to 
take place, 

Multiple spontaneous fractures have been re- 
ported in association with chronic subdural hematoma, 

Fat pads are normally present about the elbow, 
over the olecranon, coronoid and radial fossae, which 
serve to buffer these processes in their normal mo- 
tion. These are most commonly viewed best in the 
lateral view. With effusion into the joint these fatty 
deposits will be displaced dorsally or ventrally de- 
pending upon the degree of distension, (Norell). 


ROENTGEN MANIFESTATIONS OF 
MUSCULAR DYSTROPHY 


This is a disease of unknown etiology affecting 
the myoneural junction which results in progressive 
wasting of the musculature, It is usually a disease of 
early childhood and is progressive. It may be asso- 
ciated with pseudohypertrophy of the muscles, 

The essential pathological change is due to 
gross replacement of the muscle by fat. The fat being 
of lesser density appears as translucent shadows 
within the muscle fascia, deposited in the same di- 
rection as the muscle, Bones become as long as 
usual but suffer in thickness and contour because 
they lack the stimulus in their growth by normal 
muscle pull, (Lewitan and Nathanson). 


LIPOHEMOARTHROSIS (Fig.-64K). This isa 
condition in which the fat pads of a joint are ruptured 
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asa result of fracture into the joint. Oil is liberated recognized by the effect which they produce on adja- 
by the fatty tissue which, being lighter than blood and cent bony parts; displacement of the intervertebral 


other fluid in the joint, layers itself on top. Roent- disc may result in its protrusion into the spinal canal 
genograms made in the lateral view with horizontal producing pressure symptoms. 

projection of the X-ray beam will demonstrate this A similarinjury to the fat pad of the elbow joint 
apparent fluid level. may occur from injury (q.v. p. 12). 


T1. 


Injuries to other soft part structures may be 


QUESTIONS ON OTHER EFFECTS OF TRAUMA 


Questions marked with a dagger deal with rare and less important conditions. 


What is Kiummell’s disease and describe its X-ray appearance? 


2. What is Kienbock’s disease and what is its etiology? 


3. Describe briefly the structure of the Intervertebral Disc and the X-ray findings resulting from its dis- 


placement. 


4. How may protrusion of the intervertebral disc into the spinal canal be detected? 


TT. 


T9. 
710. 


f11. 
12. 


13. 
T14. 


15. 


16. 
17. 


What is Osteochondritis Dissecans and how is it manifested in the roentgenogram? In what location 
is it most frequently found? 


. What are the X-ray manifestations of Osteochondritis Deformans Metatarsojuvenilis (Freiberg's 


Infraction) and to what is it due? 


What is meant by Femoral Osteochondritis of Adolescence or Slipping Femoral Epiphysis and what 
is its cause? At what age does it usually occur? 


What is the etiology of Pelligrini-Stieda’s Disease? 
What is Sudeck’s posttraumatic atrophy and to what is it due? 


What is meant by the condition known as Multiple Spontaneous Idiopathic Symmetrical Fractures and 
to what is it attributable ? 


What are the clinical and roentgenological manifestations of March Fracture? What evidence is there 
to indicate that it is of traumatic origin? 


Describe roentgen findings in myositis ossificans and how may it be differentiated from exostosis 
formation? 


Under what conditions do calcified deposits appear in the soft tissues? 


What bone lesions are found in Caisson disease, in the acute and in the chronic stages and to what are 
they due? Aseptic infarcts? 


What structures are involved in Baker’s cyst and how may the diagnosis be established roentgenologi- 
cally? 


What is lipohemoarthrosis and how may it be detected? 
How may vacuum or gas shadows be produced in joints and to what are they due? 





Chapter V 


ANALYSIS OF BONE PATHOLOGY 


In considering the roentgenographic evidence 
of disease, one must be impressed from the outstart 
that roentgenological diagnosis is made, not upon any 
hit-or-miss basis, from recollection of some similar 
appearing roentgenogram seen at some previous time, 
but only after systematic analysis of the manifesta- 
tions of disease found on careful examination. Vari- 
ous diseases by virtue of specific chemical action of 
their toxins, produce varying reactions in the normal 
elements of bone structure. Certain added physio- 
logical processes, such as bone atrophy, serve also 
to complicate the picture. 

On account of this response of various elements 
of bone structure to different disease processes it has 
become possible to formulate a systematic scheme 
of analysis to assist in their diagnosis. 

One must bear in mind that roentgen diagnosis 
consists of: 

(1) detection of pathology inthe roentgenogram, 

(2) its proper evaluation, 

(3) correlation of the roentgen manifestations 
with other elements of the history and clinical find- 
ings, and, 

(4) an exercise of judgment as to the greatest 
degree of probability under the circumstances. 

The detection of pathology in a roentgenogram 
presupposes a thorough and complete acquaintance 
with the normal; the evaluation of the nature of the 
pathologic process, once detected, requires a full 
knowledge of the modes of response of various struc- 
tures to disease; correlation of the roentgen mani- 
festations with the history and clinical findings de- 
mands a broad knowledge of the symptomatology of 
disease and finally the exercise of judgment as to the 
greatest degree of probability under the circum- 
stances requires analytical consideration which de- 
velops as experience is acquired. 

Radiographic detection of any changes in bone 
depends upon variation in the contour or density of its 
structure. These may be due to decreased density of 
the bone as in physiologic bone atrophy or pathologic 
bone destruction, or they may be due to increase in 
density due to bone production. It is upon these prin- 
ciples that the entire system of bone analysis is based. 


POINTS IN THE ANALYSIS OF BONE LESIONS 
A. Point of Origin 
B. Bone Production or Destruction 
C. Expansion or Non-Expansion 
D. Condition of the Cortex 
E. Invasion or Non-Invasion 
F. Bone Atrophy 


A. Point of Origin. By point of origin is meant 
the actual point from which the pathology arises in 
the bone. There are five possible points of origin of 
a disease process in the long bones: 

1. Periosteum—example, periosteal sarcoma. 

2. Cortex—example, osteoma. 

3. Medullary canal (central or endosteal) — 
example, osteomyelitis. 
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4. Epiphysis—example, tuberculosis. 
5. Articular surface—example, pyogenic ar- 
thritis. 


B. Bone Production or Destruction. By bone 
production we mean evidence of activity of bone- 
forming elements. Since the periosteum is the chief 
bone-forming structure, any evidence of periosteal 
reaction must be considered as evidence of new bone 
formation. Three main types of periosteal reaction 
are recognized, (Fig. 654A): 


ere 


(1) (2) (3) 
(1) Parallel (2) Lacework (3) Radiating 
Fig. 65A 


1. The parallel type in which the periosteal new 
bone is laid down in parallel layers along the shaft of 
the bone; this occurs as a result of trauma, pyogenic 
infection or lues; a similar appearance is sometimes 
encountered, especially in premature or new born 
infants where the shafts of the long bones may have a 
“duplicated” appearance due to incomplete ossifica- 
tion, which gives the impression of an active peri- 
osteal reaction. 

2. The lacework type, in which small lines of 
periosteal new bone radiate outward from the shaft, 
looping back to form irregular rounded bumps on the 
bone; this may be considered as almost characteristic 
of syphilis. A somewhat similar lacework type of 
periostitis occurs in hypertrophic osteoarthropathy 
from anoxia, and occasionally in association with 
pyogenic osteomyelitis. Any irritation of the peri- 
osteum in syphilitic patients, be it from trauma, 
pyogenic infection or other cause, may initiate the 
lacework type of reaction. 

3. The radiating type, in which fine spicules of 
bone radiate outward perpendicular to the shaft, like 
asunburst, ending free on the soft tissues; this is 
almost always indication of a malignant tumor. Very 
rarely a similar radiating appearance may occur 
during healing of a fracture; or a shaggy appearance 
of periosteal reaction may accompany varicose leg 
ulcer due to chronic passive congestion or pressure 
on bone of a soft tissue mass such as an aneurysm. 

Another form of bone production is bone sclero- 
sis indicated in the roentgenogram by a thickening of 
the cortical bone and a condensation of its structure. 
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This occurs most frequently as a result of syphilitic 
osteitis, or long-standing pyogenic infection. Destruc 
tion of a joint cartilage allowing direct apposition of 
hony surfaces results in dense sclerosis or “eburna- 
tion” of the bone. 

By bone destruction we mean actual destruction 
of the bone cells, resulting in a defect in the bony 
structure. An example of a disease in which bone de- 
struction alone plays a prominent part is tuberculo- 
sis. An example of a disease in which bone produc- 
tion is most evident is syphilis. One in which both 
destruction and production are going on at the same 
time is osteomyelitis. 


C. Expansion or Nonexpansion. By expansion is 
meant the symmetrical enlargement of the shaft of a 
bone as the result of a central new growth (Fig. 65B). 
It is always indication of a slow-growing tumor of 
central origin such as a bone cyst. Mere local bulg- 
ing on one side of the shaft does not constitute true 
expansion; it may be described as local enlargement. 

| An example of such asymmetrical bulging is 
the cyst-like structures produced by local degenera- 
tion of bone and fibrous tissue deposits seen within 
the cortex of long bones in fibrous dysplasia. 
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Fig. 65B 


D. Condition of the Cortex. The cortex may be 
thickened from proliferation of cortical bone, as in 
syphilitic osteitis; or it may be thinned as a result of 
pressure atrophy, from a central new growth. It may 
remain intact, as it usually does in benign lesions, or 
it may be broken through early in the course of the 
disease as it usually is in malignant conditions. Not 
all diseases which break through the cortex are ma- 
lignant; osteomyelitis, for instance, shows erosion 
through the cortex to permit egress of pus from the 
medullary canal; in this instance, however, the cortex 
is broken through in many places, leaving good bone 
structure in between. Malignant tumors, on the other 
hand, never do this; they invade and destroy by a 
multiplication of cells along an unbroken front, 
sweeping the cortex before them. 

Is the bone straight or deformed? Certain dis- 
eases, by weakening the bony structures, result in 
bowing of the bones, with thickening of the cortex on 
the convex side and thinning on the concave side. In 
generalized Osteitis Fibrosa Cystica hyperpara- 
thyroidism (Von Reckinghausen) and in Polyostotic 
Fibrous Dysplasia a gnarled appearance of the bony 
outline develops from the bulging of cyst-like areas 
throughout the bone. 


In fibrous dysplasia cyst-like areas may begin 
in and enlarge the cortex; also trabeculation like 
giant cell-tumor may occur in the cortex. 


E. Invasion or Noninvasion. By invasion is 
meant the extension of a new growth originating in 
bone out into the surrounding soft tissues. If the 
growth originates within the medullary canal, inva- 
sion presupposes the rupture of the cortex; if it 
originates in the periosteum, invasion may occur di- 
rectly without disturbance of the cortical structure. 


F. Bone Atrophy, (Osteoporosis; halisteresis). 
This is a normal physiological process, which re- 
sults from disuse of any bone, either voluntary, from 
immobilization of a part, or enforced from pain due 
to some disease process. 

According to prevailing opinion bone tissue nor- 
mally undergoes a continuous process of bone re- 
sorption and a replacement. Large osteoclastic cells 
are continuously engaged in destruction of bone cells 
and osteoblasts continuously repair the damage. The 
purpose of this seemingly futile process is however, 
very logical on more mature consideration. Accord- 
ing to Wolff’s Law, bone trabeculae develop the 
greatest strength along the lines of greatest stress 
and strain. As an individual grows his changing con- 
figuration and posture develop changes in the stress 
and strain put upon the bone. Increase in strain 
stimulates osteoblastic activity, while decrease in 
strain favors increase in activity of the osteoclastic 
cells. So in this manner the osteoclastic cells are 
encouraged to remove the useless bony structures 
and osteoblasts are stimulated to replace them with 
stronger bone in the regions in which greater strength 
is required. It is by this process of bone absorption, 
where the bone is not needed, and bone production 
where it is necessary for repair that fractured frag- 
ments or other disease process are again brougnt 
into line and satisfactory function redeveloped. The 
influence of the endocrine secretions on calcium 
metabolism and osteoporosis is seen in menopausal 
and senile osteoporosis. 

The blood supply is an important element in 
maintaining this function. Normal bone structure is 
rich in calcium salts, 58% as calcium phosphate, and 
7% calcium carbonate. These calcium salts are 
present as an intercellular deposit, within their cell 
structure. 

Opinion is still divided as to the exact means 
by which calcium salts reach the bone and are de- 
posited in its cellular structures; it is quite proba- 
ble, however, that they are carried by the blood in 
the form of soluble phosphates which are precipi- 
tated in insoluble form by some action of the bone 
cells. Of one thing, however, we are quite sure, that 
there is continuous calcium metabolism, both con- 
stitutional and local, with constantly changing calcium 
deposit in bones. The constitutional calcium metabo- 
lism is probably regulated by activity of the endo- 
crines, principally the parathyroid glands; evidence 
of this is seen in tumors of the parathyroid where 
hypersecretion of these glands is associated with an 
extreme degree of loss of calcium salts of all of the 
bones of the body. Loss of calcium salts under these 
conditions constitutes a definite pathological process. 
The calcium metabolism of any particular extremity 
is vitally dependent upon the degree of activity of the 
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extremity and upon an intact blood supply. If an ex- bone which is stimulated by activity, thus permitting 
tremity of a normal individual is immobilized on a the natural resorptive process to predominate. They 
splint for six to eight weeks, it will be found on roent- | have found that the actual calcium content per bone 


genological examination that the bones have lost cell is the same as in normal cells—only the cells 

much of their calcium salts; this physiological proc- | are fewer in number. 

ess is known as atrophy of disuse or osteoporosis. Roentgenographically in bone atrophy the bony 
Authorities maintain that the decrease in den- structure loses its normal density, becoming darker 

sity suffered by bone on disuse is due to an actual in appearance and acquiring a penciled outline. The 


suspension of the normal reparative process of the trabecular structure of the bone can still be made 


Summary of Chemical Findings in Neoplastic Diseases of the Bone 
Woodward, Arch. Surg. 47:368, 1943. 


Disease Serum Serum Serum Sulko- Urine 
Acid Alkaline Phos-_ Total witch Bence Total 
Phos- Phos- phorus Serum Reaction Jones Serum 


hatase hatase Calcium Urine Protein Protein 

















Cc oma, Osteochondroma ...... Normal Normal Normal ..... je. WN ces esas. - Sew seeue te 
osteoma, exostosis 
Soli bone cyst é Normal Normal Normal , j ws 
Giant cell tumor Normal Normal, Normal Normal ...... ...cccse cccces 
Slightly 
a ee ISI og CL: eh a a ee a ea ee eT ee 
Osteogenic sarcoma Normal Usually Normal Normal ...... ae a a ee Sere ae 
Endothelioma of bone Saat ee Normal, Normal Normal ...... Meese -a-eeevers 
Slightly 
raised 
Reticulum cell lympho- _—.a.... é Normal, Normal Normal ...... ....-. ae oe ae 
sarcoma of bone slightly 
raised 
Rickets ‘ee Wie High Normal Normal ...... cesses erovese 
or low or low 
Inflammatory disease sieeeal ets Usually Normal Normal ...... .wscsoe coves 
of bone normal 
Osteolytic metastic Normal Normal, Normal Normal Pronounced Negative Normal 
disease moderate- or or 


ly high High High 
Osteoplastic metastatic Normal High Normal Normal Norma egative Norm 


not from prostate 


Carcinoma prostate High in High Normal Normal Normal Negative Normal 

metastatic to bone 10% 

Plasma cell myeloma Normal Normal Normal Normal ...... Positive Normal to 
slightly or or in 60% very high 
raised High High 

Senile osteoporosis Normal _Normal Normal Normal Normal ...... Normal 









thyroidism ies Se ene High Low High Pronounced ..... -escece 


Osteitis deformans Normal _ High Normal Normal Normal ..... Normal 
Osteomalacia Normal Moderate-Normal Usually Usually .....  #Normalor 
ly raised or low low slight low 


It will be noted that in general all benign tumors of bone show normal values; mae or potentially 
malignant bone growths show normal or slightly raised serum alkaline phosphatase other determinations 
normal, 

patcolytwone metastases show high blood calcium and phosphorus determinations, a condition which is 
shared only plasma cell myeloma, (certain urinary findings serve to differentiate these two conditions). 

Osteoblastic bone metastases all show high serum alkaline phosphatase but that those originating from 
carcinoma of the prostate have in addition high acid phosphatase (a distinguishing characteristic in the dif- 
ferential diagnosis of this condition if it is present). 

In nutritional diseases such as rickets, the alkaline phosphatase is high; while hyperparathyroidism is 
practically the only condition in which there is a consistent change in the calcium-phosphorus ratio. 

In hypoparathyroidism the chemical findings are practically the reverse of hyperparathyroidism. 

Further consideration of the blood chemistry values in various bone diseases is given by E. B. Flink. 
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out, in fact it may be accentuated in appearance. In 
other words, the bone cells themselves are reduced 
in number but are still intact; they have not been 
completely destroyed, and all that is required for 
restoration of calcium salts and return to a normal 
state is the resumption of function of the part. This 
is known as bone atrophy of quality or osteoporosis; 
it is a physiological process not a pathologic 
state. Such reaction is dependent upon an intact, 
unobstructed circulation. 

Loss 0 of the calcium is necessary be- 
fore atrophy is evident roentgenologically. 


Senile osteoporosis is also a condition which 
develops in old age. It probably is due in great part 
to the lack of vigorous exercise and movement of the 
bony structures causing lack of energetic blood sup- 
ply to the parts. 

McClendon and Gershon-Cohen have presented 
an experimental investigation on osteoporosis, using 
rats as a result of which they concluded that “senile” 
osteoporosis when present in rats was produced by a 
low calcium diet must have started during the early 
phases of life and that it did not in itself produce 
rickets. 

However, that the deposit of calcium in a senile 
osteoporotic bone requires something more than 
mere increase in intake of calcium in the diet is 
quite evident. 

Menopausal Osteoporosis, which occurs at 
times in an extreme degree in women at the time of 
the menopause, is an indication that some form of 
endocrine disturbance is also a determining factor 
in maintaining the calcium content of bones. 


Massive Osteoporosis. 

“At rare intervals there has been reported 
cases in which one or more bones seemed to melt 
away and vanish more or less completely without 
known cause.” Persons affected are usually chil- 
dren. All known causes associated with osteoporosis 
eliminated as cause in this condition. Numerous 
cases are reported throughout the world where one 
or more bones, fully developed, suddenly began to 
atrophy and undergo absorption. Gorham and Stout 
have investigated numerous instances where this 
phenomenon took place and was impressed by the 
numerous blood vessels invading the osteolytic bone 
structure leading the assumption that hemangioma- 
tosis was the process under examination. Others 
indicate that while profuse vascularization is evident 
in most cases it does not fully explain the process 
and Gorham is still engaged in an investigative 
process. 


Massive Osteolysis. 

Osteolysis may Be associated with a special 
type of bone dissolution associated with “benign non- 
cystic osseus angiomatosis” and characterized by 
benign--progressive bone absorption causing the 
bone to fade away. 

Johnson and McClure have reported a case in 
which the bony structure of the pelvis and rest of 
the body has within a year or so almost completely 


lost its lime salts as well as its bony structure--many 
diseases may cause such a benign noncystic osseous 
angiomatosis, eventually the cortex disappears com- 
pletely. Thieffry and Sorrel-Dejermand have reported 
complete osteolysis of all of the carpal bones and 
forearm in 5 members of one family, embracing 3 
successive generations without consanguinity. In 
some instances there was some reestablishment of 
the structures. The etiology was unknown. The re- 
action of the bony structures in these cases is not un- 
like that seen in “vertebra plana” q.v. 


congent Insensitivity to Pain. 

Scheeman ilden report a case where the 
patient walked with fractures without pain 12 days and 
developed a spontaneous deformity of the knees, under 
the strain. Cases have been observed in which the 
patient sustained many painless fractures of the lower 
extremities with sclerosis of the shafts and a definite 
irregular fracture, (Monnet and Berand). 


Atrophy of quantity is the expression used to 
indicate a reduction in the size of any bone or portion 
thereof, as compared to its fellow of the opposite side. 
Such a condition is seen following infantile paralysis. 
It develops usually from the lack of stimulation of 
normal muscular activity over a long period. 


Pressure atrophy of bone is seen where tu- 
mors of the soft parts cause undue pressure on nor- 
mal bone structure; for example, pressure of an 
aneurysm or tumor against the spine will in short 
time cause a pressure defect with erosion and de- 
struction of the bony structures. Pressure from an 
aneurysm of the interosseous artery in the forearm 
or popliteal in the knee will produce gross erosion of 
the knee. Herniation of the nucleus pulposus produc- 
ing undue pressure of the herniated nucleus on the 
vertebral bodies will cause a rounded pressure defect 
on the adjacent margin of the vertebra; excessive 
pressure of the brain substance against the inner wall 
of the cranium, from chronic increased intracranial 
pressure associated with brain tumor, will give rise 
to an accentuation of the convolutional markings on the 
skull, known as convolutional atrophy. Pressure from 
soft part tumor, such as synovioma or reticulum cell 
sarcoma, will produce pressure defects on bone. This 
may be due in part to stasis of venous flow since any- 
thing which causes stasis may result in periosteal 
spicule formation. Due consideration must be given 
to these physiological conditions in any analysis of 
bone pathology. 


Correlation of the roentgen with the clinica] 
and laboratory findings is essential. 


CLINICAL HISTORY. The clinical history may 
be of utmost importance and may prove the deciding 
factor in the diagnosis. 

TheAge of the patient may be of importance, 
since certain diseases predominate in certain age 
periods. 

Congenital conditions are, of course, mani- 
fested at birth or shortly thereafter, when restriction 
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of proper function draws attention to the abnormal 
development. 

Certain bony defects are apt to occur during 
the growth period due to lack of certain growth sub- 
stances producing characteristic appearances in the 
roentgenogram (P. Rubin et al. and Rubin and Squire). 
Certain age periods, from birth to three years of age, 
rickets, scurvy and congenital syphilis are the most 
common diseases of bone. 

Acute pyogenic epiphysitis and epiphysitis of 
the nonsuppurating variety occur during the growth 
period of the various epiphyses. With normal 
fusion of the epiphyses these conditions disappear. 

Between five and fifteen years of age, tuber- 
culosis and osteomyelitic infection are most common; 
while both diseases do occur in adult life, they are 
most commonly encountered during this age period. 

Bone tumors of congenital origin may not mani- 
fest themselves until many years after birth when by 
their growth they cause limitation of function; this 
is naturally a variable period dependent upon the size 
and character of the growth. Bone cysts are most 
common in early life—under twenty-one years of age— 
probably because they tend to heal spontaneously 
thereafter. Giant-cell tumor on the other hand is 
most apt to occur in adults. Sarcoma of bone may 
occur at any time, but secondary carcinoma is a dis- 
ease predominating in adult life. 

Pyogenic infective arthritis can occur during 
any period. Arthritis of the atrophic type is a dis- 
ease most frequently encountered in early adult life, 
while hypertrophic arthritis is common to the later 
years of life, past forty. 

Likewise, sex may be of importance since 
certain diseases are more apt to occur in one sex 
than the other; for instance, in females carcinomatous 


bony metastases are more apt to be of the osteoclas- 
tic type, whereas in males the osteoblastic type pre- 
dominates. 

The past history may provide the clue to a 
satisfactory understanding of the case; osteomyelitis 
or some other bone disease in childhood may explain 
the appearance of the bone in adult life. 

The history of the present illness is above all 
the most important. Was there a history of trauma? 
If so was there indication of a pathological process 
before the trauma? A fracture of a bone resulting 
from trauma may be due to a weakened condition 
from a previous disease process such as a bone tu- 
mor. 

What was the duration of the illness? On this 
point alone may depend the differential diagnosis; for 
example, certain stages of tuberculous epiphysitis 
closely resemble epiphysitis from pyogenic origin; 
only a knowledge of the duration of the illness would 
serve to differentiate the conditions. 

Is there fever or other manifestation of infec- 
tion? This may serve to differentiate between in- 
fection and other processes such as bone tumor. 

Finally, due consideration of laboratory find- 
ings, such as urinalysis, bacterial examination, blood 
counts, and blood chemistry, must be considered 
(see table on preceding page). 

In any condition in which by reason of endo- 
crine dysfunction, such as hyperparathyroidism, 
there is a tendency to lose calcium salts from bones, 
or to fail in normal laying down of calcium, an ex- 
cess of these salts will remain in the blood and 
“calcium metastases” may be layed down in the tis- 
sues. (See Table of Calcium Metastases.) These 
are very pronounced in the kidney substances as 
seen on the roentgenogram. 


METASTATIC CALCIFICATION 
SS auEnESEEnemeeeenee 


Serum Serum Alkaline Calcium 
Calcium Phosphate Phosphate Urine 
a a es 
1. Hyperparathyroidism High Decreased High High 
2. Uremia with Acidosis Low High Normal or Low 
Increased 
3. Hypervitaminosis D. High Increased Increased High 
or Normal 
4. Barnett’s Syndrome High Increased Normal Normal 
5. Tubularacidosis Low Normal or High High 
Decreased 
6. Malignant Osteolytic High Increased Increased High 
Bone Lesions or Normal 
7. Boeck’s Sarcoidosis High Normal Increased High 
or Normal 
8. Immobilization - High Increased Normal High 


Complete 
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No changes in calcium phosphorus metabolism 10. Hemalylic anemia. 
in following: 11. Lymphomas and leukemias (except in rapidly 
destructive cases). 
1. Post menopausal and senile osteoporosis. 12. Gout. / 
2. Osteoporosis due to Cushing’s syndrome or 13. Gaucher’s disease (acid phosphatase may be 
steroid therapy. elevated). 
3. Scurvy 14. Albers-Schonberg’s disease (high acid phosphate 
4. Hypervitaminosis A. has been reported). 
5. Infantile cortical hyperostosis. 15. Neurofibromatosis. 
6. Hand-Schuller-Christian Disease. 16. Hypertrophic osteoarthropathy. 
1. Letterer-Siwe’s Disease. 17. Charcot Joint. 
8. Eosinophilic granulomata. 18. Fungus Disease. 
9. Polyostatic fibrous dysplasia (alkaline phos- --I. Snapper 
phatase may rarely be elevated). 
QUESTIONS ON BONE ANALYSIS 
1. What method of analysis would you use in the determination of the character of a bone lesion? 
2. Of what advantage is the clinical history in the differential diagnosis of bone diseases? 
3. What is meant by: 
Point of Origin, 
Production or Destruction, 
Expansion or Nonexpansion, 
Condition of the Cortex, 
Invasion or Noninvasion, 
Bone Atrophy ? 
4. What types of atrophy of bone are recognized and give their roentgen characteristics? What is atrophy of 
quality? of quantity? pressure atrophy? 
5. What is meant by osteoporosis and what is the physiological explanation of its development? 
6. In what disease is blood chemistry of special advantage in differential diagnosis? 
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DISEASES OF BONE 


(and adjacent soft parts) 


NUTRITIONAL DISEASES (Chapter VI) 
A. Regional, Aseptic Necrosis of Epiphysis; (affecting bone structure, 
only in isolated locations; these may be influenced by glandular or 
metabolic malfunction). 


1. Osteochondritis deformans juvenalis; aseptic necrosis of epiphysis 
epiphysis. 


(a) Femoral heaad—LEGG-CALVE-PERTHES’ DISEASE 
(b) Acetabulum—Intrapelvic protrusion—(OTTO PELVIS) 


(c) Tibial tubercle—(OSGOOD-SCHLATTER’S DISEASE) 
Medial tibial condyle—(BLOUNT’S DISEASE) 


(d) Patella—primary center (KOHLER’S SECOND DISEASE)— 
secondary center (SINDING-LARSEN’S DISEASE) 


(e) Tarsal Scaphoid—(KOHLER’S DISEASE) 

(f) Calcaneal Epiphysis—(SEVER’S DISEASE) 

(g) Osteochondritis of secondary epiphyseal centers of Spine— 
subchondral necrosis of vertebral bodies — (SCHEUERMANN’S 
DISEASE). VERTEBRA PLANA—(CALVE). 

(h) Sacrum—epiphysitis of wing of sacrum 

(i) Other rarer locations of osteochondritis of the epiphyses 

2. Multiple Epiphyseal Dysplasia 
B. Constitutional; 
| From deficiency in diet 

1. Rickets—infantile, foetal and late 

2. Osteomalacia 

3. Scurvy (BARLOW’S DISEASE) 

4. Calcinosis Interstitialis 

From excess in diet 

1. Hypervitaminosis A 


2. Hypervitaminosis D. 
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Chapter VI 


NUTRITIONAL DISEASES OF BONE 


A. REGIONAL NUTRITIONAL DISTURBANCE; 
OSTEOCHONDRITIS DEFORMANS JUVENALIS; 
ASEPTIC NECROSIS OF EPIPHYSIS 


During the stage of active growth, usually dur- 
ing the adolescent period, certain changes may ap- 
pear within the epiphyseal structures of the body, the 
exact cause of which is not fully understood. The 
initial lesion is due to avascularization of the epi- 
physeal structure, resulting in a localized nutritional 
disturbance. The epiphysis becomes softened and 
undergoes quiet necrosis. Fragmentation and disin- 
tegration of the epiphysis may occur, but bacterial 
infection with suppuration does not result. The con- 
dition may not progress beyond the point of softening 
of the epiphyseal structure. A similar process 
sometimes involves ossification centers of tarsal 
bones. In general it may be said that during the first 
decade the primary ossification centers are involved 
and during the second decade the secondary centers 
are affected. Different changes occur in epiphyses 
in various locations depending upon the peculiarities 
of function of the various regions involved. 

The common sites of aseptic necrosis are: 

1. Epiphysis for femoral head (Legg-Calvé- 
Perthes’ Disease) 

2. Acetabulum, resulting in intrapelvic pro- 
trusion of the acetabulum (Otto Pelvis) 

3. Tibial tubercle (Osgood-Schlatter’s Dis- 
ease) 

4. Tarsal Scaphoid (Navicular) (Kéhler’s 
Disease) 

5. Calcaneal Epiphysis (Sever’s Disease) 

6. Osteochondritis of spine—subchondral 
necrosis of epiphyses for vertebral bodies— 
(Scheuermann’s Disease) 

7. Sacrum—Osteochondritis of epiphyses for 
wing of sacrum near sacroiliac joints. 

The exact cause of this phenomenon is not fully 
understood; the underlying pathology represents a 
local nutritional disturbance of the epiphysis, inter- 
fering with its normal development from disturbance 
of its blood supply. The fundamental pathological 
process is the same in all locations in which it is 
found in the body; the findings are modified in various 
locations, depending upon the stresses and strains 
upon the particular epiphyseal structure involved. 

Roentgenological investigations made by 
P. G. K. Bentzon on the epiphysis of freshly am- 
putated limbs after injection with cinnabon and red 
lead disclosed that in the epiphyses most frequently 
involved the location of the arteries was such that 
they could easily be traumatized. He found that, 
“arteries to the epiphyseal nuclei must pass through 
or along the epiphyseal cartilage first. From the 
radio-clinical observations compared with the 
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results of anatomical studies and experiments on 
animals, it lies nearest to conclude that the lesion 
to the wall of the artery does not result in the 
closing of the vessel, but in an interruption of the 
vasomotoric nerves in the adventitia, with a con- 
sequent condition of arterial hyperemia and that 
it is a condition connected with this arterial hyper- 
emia of the osseous tissue that causes the reaction 
to set in.” 

Certain published cases of occurrence of the 
condition in individuals who had received large 
doses of thyroid extract over a considerable peri- 
od of time lend support to the possibility of endo- 
crine influence in the development of the condition. 
However, Brailsford doubts the influence of endocrine 
disturbance as an etiological factor. 

It will be noted that this condition is con- 
fined largely to epiphyses of the spine and lower 
extremities; only isolated instances have been re- 
ported of involvement of the epiphyses of the up- 
per extremities and elsewhere; in these there is 
almost always some question of associated trauma. 
Likewise, even in the epiphyses most frequently 
involved of the lower extremities it is only those 
in which there is some unusual strain on the epi- 
physeal line either by reason of angular attach- 
ment of the epiphysis, or by strong muscular pull 
that the condition develops. The epiphysis for the 
head of the femur, for instance, attaches obliquely 
to the shaft so that the epiphyseal attachment is 
strained by the transmission of the body weight to 
the shaft. It probably requires the added stress 
and strain of weight bearing or heavy muscular 
pull for the ultimate interference with the blood 
supply leading to disturbance in loca) nutrition. 
At the knee, for instance, it is not the lower fem- 
oral epiphysis or the upper tibial epiphysis in 
which this condition develops, but in the epiphys- 
eal prolongation for the tibial tubercle, a location 
which is subjected to strong muscular pull from the 
quadruceps muscle. Likewise, the lower tibial epiph- 
ysis which transmits the body weight directly does 
not become involved whereas the epiphysis for the 
calcaneus, which is subjected to heavy muscular pull, 
from the Tendo Achilles, develops the disease. The 
tarsal scaphoid, the keystone for the arch of the foot, 
is likewise subjected to indirect strain. It would 
seem therefore that the subjection of the epiphyseal 
line to unusual strain must play a definite part in its 
final necrosis and destruction through damage to the 
nutrient arteries and interference with local nutrition. 

Whatever the immediate cause may be, there is 
always found on microscopic examination a disturb- 
ance in chondral ossification with aseptic necrosis of 
the epiphysis. Ata later stage the necrotic tissue is 
broken down and replaced by new-formed osteoid 
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Fig. 68A 








Fig. 68B 


terminalis canitbe considered a condition of this type. 
It is almost always bilateral showing in the roentgeno - 
gram as rounded protrusions encroaching upon the 
pelvic cavity. 

Kristiaan Overgaard has listed three groups: 

1. Secondary protrusion following a focal disease 
process having a definite history of previous illness 
Or trauma. 

2. Primary osteoarthritic protrusion, arthritis 
deformans where the osteophytes build a shelf about 
the head of the femur producing a ball and socket joint 
and even cause a hole in the center of the acetabulum. 

3. Juvenile osteo-asthenic protrusion due to 
weakness of the bone tissue, (See p. 206.) 


It seems highly probable that at least in one 
form this condition may result from epiphysitis of the 
“Y"-shaped epiphyseal lines of the acetabulum due to 
a process essentially similar to the other epiphyseal 
lesions here described. Depending upon the degree of 
intrusion, there is more or less limitation of abduc- 
tion at the hip joint. In adult female patients, extreme 
deformity may result in possible difficult delivery 
during subsequent pregnancy. It is twice as frequent 
in women as in men. 


OSTEOCHONDRITIS OF EPIPHYSIS FOR TIBIAL 
TUBERCLE (Osgood -Schlatter’s Disease)* (Fig. 68A). 
The epiphysis for the upper end of the tibia dips down 
in a tonguelike process to take in the epiphysis for the 


tubercle of the tibia. When the tubercle of the tibia is 
involved by this epiphyseal disease, it becomes sof- 
tened and is easily detached by the pull of the patellar 
tendon for which it serves as attachment. This condi- 
tion is known as Osgood-Schlatter's Disease. 

Clinically the condition is usually not suspected 
until, from some slight trauma, the epiphysis for the 
tubercle pulls away from the upper end of the tibia, 
the patella rising to a high position. This results in 
inability to extend the leg at the knee. The condition 
is usually bilateral. Fixation in intended position re- 
sults in recovery and complete restoration of function. 

Osteochondritis confined to the region of the 
medial tibial condyle has been reported, giving rise 
to nonrachitic bow legs, BLOUNT'S DISEASE (see 
anomalies). 


OSTEOCHONDRITIS OF OSSIFICATION CENTERS 
OF PATELLA. Osteochondritis of the primary ossi- 
fication center has been reported by Kohler. 

Occasionally the patella may have additional 
secondary centers of ossification. These occur most 
frequently on the lateral side giving rise to longitudinal 
division of the patella; they may appear however as 
small secondary centers at the upper or lower patel- 
lar margin. Epiphysitis of these secondary centers 
(Sinding-Larsen's Disease) (Fig. 68B) results in asep- 
tic necrosis very similar to that seen involving other 
epiphyses in the body. It is an exceedingly rare con- 
dition however; very few cases have been reported. 
Spontaneous recovery results without disability as the 
result of rest (Wolf). 


RETARDATION OF OSSEUS DEVELOPMENT 
OF TARSAL NAVICULAR (KOHLER'S DISEASE)* 
(Fig. 69). The ossification center of the tarsal scaph- 
oid (navicular) bone sometimes is affected by this 
condition, resulting in retardation of osseus develop- 
ment of the bone. This condition is known as Kéhler's 
Disease. There is evidence to indicate that the re- 
tardation of development of the navicular may be due 
to interference with normal blood supply. 

In certain instances when the foot has been put 
in a cast the failure of atrophy of the navicular with 
its resulting chalky appearance is evidence of avas- 
cularity of the bone. As revascularization takes place, 
the normal bone architecture is re-established and 
recovery occurs, 

Roentgenographically the center of ossification 
for the tarsal scaphoid remains small and irregular 
in outline, much retarded in its development in com- 
parison with the other normally developed tarsal 
bones. Since it may be regarded as the keystone in 
the development of the normal arch of the foot, it be- 
comes very important, wherever this condition is 
found, to maintain the normal arch during the develop- 
ment period. When this is done, ultimate complete 
recovery should result without disability. The disease 
is usually bilateral and is self-limited. 

Sometimes the tuberosity of the navicular may 
alone be involved; under these circumstances there 
is a separate center of ossification for the tubercle 
which ultimately results in an accessory anomalous 
bone to which is attached the tendon of the tibialis 
posticus muscle, 


+o -9eet* 


fare Roentgenpgraphically. it results in a fluity, : 
worm -esten fraymented: appea rance of the: epiphysis. © 
“with: irregularity of rae ay secon ponies Fig EMRE | Bh 


| Flac 70. 


(OSTEOC: usec: OF EPIPHYSES FOR 





CALCANEUS. {SEVER‘S DISEASE) (Fig.'70). Oxteo- 


chondritis. af the: epiphysis: for the talcaneus ty rather, 





_ OSTEGCHONDRITIS OF SECONDARY BRAY 


: EAL . CENTERS OF SPINE - -SUBCHONDRAL. NEGRO’ 
bis iSCHEUERMANN'S DISEASE) (Fig. Pape! Osten SES 
Chord ritis of the spine: or. subchondral nec rosia. wot geet” Be 

epiphyses for: the re. ttehral bodies ism. similar 2 A te 

(€8s agcurring ciost commonty in the dorsal region, 


8 th this location also: at apparently is a. selt- limited“) 


processes: St: is. characterized by development at ey fe 
Rt uf : asa) BE the: Spire ve ether Mies normal i} beaithy aao~ . 3 


ee 
SNA fine verte 












| appa rauce which: | it cs 
‘ | tallowed: by frankly pathological changes causing fe 
; | pegular anterior ‘mar ginal, shelfing ‘Of the appes. and. eS 
lnwer borders adjacent cancellous bone with SESE: ESO 
Ae x ! ie nota a ‘of the body: margin (Willfams).— soot: =o Se 











| Tae ae a the: sepetel eS eacrues Oy 
i mani s aieeeaery) ther © is eo) an sera Save sausine 





vies i » Figs TR ab 
a ae bbe. anterior ‘Bergin at the seriebeal body; 


2 rdexed and. Jimited endornbond val ogsification =-the> 
[sade iG the wedging. “3): This is. 





The: tendency at child¢en to imitate ithe: posture 


ate abate tas Beer cited asa ‘possible factor in the - 
fens ae development ¢ ‘of. several jnatances in. the same famnily 
: or Paes tyy i B, Karp and De & Wilson}. 


arene & a Une verteniat tales. ro 


et 


these may. be delayed in. appearing; if present they < 
poe Farelied and irtegatar; these changes” BPRS OY 

w usually mare marked anteriorly; wedging of the-ver* Ae naye 
| tebral hodies may: ‘result, giving rise to kyphotit. ae~ Fog ie at" 
pe Occasionatty. the: disease may be limited fo 
3 jae vertebral: Cater ot a Kew « OF even a # shale vertebra. 









and e) sepoth anterior marginal shelfing from dis= reid. 


= an cep physics daewhers: irwolves: the. epiphyseal oe ; i: 


je appea parent ‘ahout the (weiter space ie waite ee 
ith the: badies, inthe early twenties, “In adolescence 


i > 


es 


bd ok 


I 
;) A rn 
i eUM, 4af 76 : 
a AAs Cee t 

9 1 ! 


NUTRITIONAL DISEASES OF BONE 


causing malunion and persistence into adult life. It 
may develop as a result of carrying heavy weights by 
young individuals during this stage of development. 
Recent microscopic studies have thrown some doubt 
on the true epiphyseal character of these vertebral 
rings. At any rate, the vertebral margins from which 
the vertebral bodies grow in height behave in the 
same way as epiphyseal structures. 

If proper fixation and support of the spine is 
instituted, complete recovery without deformity may 
result, but if untreated, permanent spinal deformity 
will most likely be the ultimate outcome. 

Williams has made a detailed study on the differential 
diagnosis and sequelae of juvenile vertebral osteo- 
chondrosis with observations on the ultimate results 
of this type of involvement. 


EPIPHYSITIS OF WING OF SACRUM (Fig. 72). 
Epiphysitis of the epiphyses for the wings of the sac- 
rum may, on account of its close proximity to the 
sacroiliac joint, result in symptoms of sacro-iliac 
strain or arthritis of this joint. The lateral epiphyses 
for the wing of the sacrum are elongated structures, 
two on either side, running along the outer margins 
of the wing of the sacrum. They usually appear be- 
tween the fifteenth to eighteenth year and unite in the 
nineteenth year or early twenties, (Cleaves). 

Roentgenographically these epiphyses are rarely 
seen and unless they become the site of disease they 
may be entirely overlooked. With the development of 
epiphysitis, however, there is a haziness of the sac- 
roiliac joint along the sacral margin, and an associ- 
ated irregular sclerotic appearance of the adjacent 
bone. If much time has elapsed before the condition 
1s detected it may be difficult to differentiate from 
sacro-iliac arthritis, (Cleaves). If the time of onset 
can be established at eighteen or nineteen years of 
age, this is very suggestive of sacral epiphysitis. 

Proper treatment with rest and immobilization 
should result in recovery, but failure to provide proper 
treatment may result in permanent disability, owing 
to the close proximation of the sacro-iliac joint. 

A sclerotic appearance confined to the iliac 
side of the sacro-iliac joint is often a forerunner of 
Spinal arthritis or Marie-Strumpell's Disease. 


OSTEITIS CONDENSANS ILII. A somewhat 
Similar appearing lesion is seen inosteitis condensans 
ili. There is a similar sclerotic appearance in the 
sacro-iliac regions, but this seems to be confined to 
the iliac side of the joint. The joint cartilage does 
not seem to be involved in this instance and the joint 
Space is well preserved. It usually occurs at the 
lower margin of the joint and rarely shows associated 
arthritic changes. The symphysis may also be in- 
volved. It must always be remembered that Marie- 
Strumpell's disease always starts with sacro-iliac 
joint involvement on the iliac side of the joint. How- 
ever, Maric-Strumpell's disease almost always oc- 
curs in men, and osteitis condensansilii predominates 
in women; likewise, the former disease is associated 
with other spinal involvement, whereas the latter 
disease is confined to the iliac bone adjacent to the 
sacroiliac joint. It has been shown (Rauber-Kopsch 
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quoted by Ude) that epiphyseal growth centers occur 
on the articular processes of the ilia and it would 
seem possible that epiphysitis in this location would 
offer a satisfactory explanation of this disease, 
(Gillespie and Lloyd - Roberts; Hutton). 

Wells, after a study of 67 cases found that 80% 
had previous pregnancy, Since the commonest cause 
of low back pain in women studied was muscular im- 
balance occurring post partum osteitis condensans 
therefore occurs in a group particularly prone to 
low back pain for other reasons. 

A series of cases of osteitis condensans iliii 
were re-examined at later dates varying from 3 to 
13 years and found to show improvement indicating 
that it is a benign lesions and suggesting that it isa 
self-limited disease. Serious doubt is expressed as 
to means of treatment. All got better--high degree 
improvement. 


OTHER RARER LOCATIONS OF EPIPHYSITIS 


This form of epiphyseal disease may occa- 
sionally involve many other regions in the body. 
Other ossification centers which have been re- 
ported as involved are: 


Coracoid process of scapula, epiphysis for, 
Clavicular epiphyses—(Friedrich) 

Humeral head—(Lewin) 

Humerus, epiphysis for capitellum—(Panner) 
Radial, head—(Brailsford) 

Ulnar distal epiphysis (Burns) 

Ulnar proximal epiphysis for olecranon 
Metacarpals, heads—(Mauclaire) 

Carpal pisiform 

Iliac crests— (Buchman) 

Pubic Symphysis—(Van Neck) 

Ischio pubic junction—(Voltancoli) 

Femoral neck (Gutig and Hertzog) 

Femoral trochanter—(Monde Felix) 

Tibial head (Ritter) 

First metatarsal, proximal (Wagner) 
Patellar primary center (Kthler) . 
Vertebral body, Primary center (Calvé) 


Astragalus (Mouchet) (Smyth) 
Cuneiform, Medial (Buschke) 
Sesamoid bones of great toe 


Fairbank has described a condition of irregular 
ossification of several epiphyses which did not con- 
form to any of the osteochondritis conditions com- 
monly met with during the adolescent period. The 
epiphyses become fragmented with areas of irregular 
density, and consequent shortening. In the knee the 
femoral condyles become flattened and angular with 
the lateral condyle showing a shallow depression. In 
the shoulder the epiphysitis ultimately results in flat- 
tening of the humeral head. Whereas in the foot the 
phalangeal epiphyses may even exhibit small apparently 
loose fragments. All epiphyses ultimately unite but 
there may be resulting deformity. 
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the foetal and late types are rarely seen in this 
country. 


Vitamin D - Resistant Rickets. Some cases of 
rickets require larger doses of Vitamin D to affect a 
cure of the condition, in some cases even as high as 
500,000 units daily for a time. These have been 
spoken of as Vitamin D resistant. They are often 
present in older children, four to five years of age. 
Their epiphyseal growth is often retarded. The con- 
dition is rare, (Holt). 

Dent and Harris have presented forms of rick- 
ets and osteomalacia which appear to be hereditary in 
nature. While they seem to present the picture both 
roentgenologically and clinically of these Vitamin D 
deficient diseases they do not respond to such treat- 
ment. It is possible that these are the type of Vitamin 
D resistant type reported elsewhere. 


RENAL RICKETS (Renal Osteo-dystrophy). 
Renal rickets is a condition due to chronic severe 
impairment of kidney function in which the bone 
manifestations resemble true rickets very closely. It 
is more an intoxication than adisease of nutrition and 
owes its name only to the resemblance of the bone 
lesions to those of rickets. There is hyperplasia of 
the parathyroid glands and hyperfunction of these 
structures resulting in an extreme degree of osteo-~ 
porosis (see Hyperparathyroidism and Renal 
Dwarfism). 


PSEUDO RICKETS. Attention has been called 
to a type of physiological bowlegs which has been ob- 
served in very young children by Holt, et al., re- 
sembling rickets. It has been observed that prac- 
tically all infants have some degree of genu valgum 
deformity which may persist as long as the third 
year of life. The bowing may be due to the heavily 
deposited adipose tissue on the outer surfaces. 

Roentgenologically the findings are bowing of 
the shafts of the femurs, tibae with thinning of the 
cortex on the convex and thickening on the concave 
side. There is wedging of the epiphyseal structures 
and some uneven epiphyseal growth. These indi- 
viduals have had proper nutritional care and ulti- 
mately attain normal development. It probably has 
nothing to do with true rickets, but merely is an ab- 
normal growth variation. 


OSTEOMALACIA. Osteomalacia is a disease 
due to defect in the calcification of the bony matrix; 
osteoid bone fails to calcify. This may be due to lack 
of Vitamin D. It is rarely encountered in this coun- 
try; China, India and portions of Europe are the most 
frequent regions of occurrence. It occurs most fre- 
quently in pregnant or lactating women; due to the 
increased calcium demands of pregnancy and lacta- 
tion, the calcium and phosphorus of the blood are 
disturbed and there is an increase in calcium excre- 
tion. The alkaline phosphatase is usually high, which 
serves to differentiate this condition from osteoporo- 
sis of other cause. 

Clinically the disease manifests itself by pain, 
ranging from dull backache to intense pain on slight- 


est motion. The patient walks with a characteristic 
waddle. 

The process is one in which bone that has once 
been well calcified loses its calcium salts. The 
physiological destruction of old bone and its replace- 
ment by new osteoid tissue goes on in a normal way, 
but for some unknown reason the calcium liberated 
from the old bones is not utilized by the organism to 
calcify the new osteoid tissue, but instead is lost 
principally in the feces. 


ROENTGENOLOGICAL CONSIDERATION. 

There is often marked deformity of the pelvis and 
long bones. Compression deformity of the pelvis 
occurs due to the weight bearing. Fractures are 
common with poor callus formation. There may be 
bending of the long bones. 

The medullary canal is widened and the cortex 
becomes extremely thin, even as thin as paper. Peri- 
ostitis may be present. The bone presents an indis- 
tinct hazy appearance with lack of contrast between 
it and the soft tissues. The trabeculae range from a 
faint to a coarse and uneven network, and may give 
the appearance of crumbling. The long bones appear 
widened at the diaphysis. They may resemble osteitis 
fibrosa cystica, but the cystic formation is not so 
definite and the softening is more pronounced. The 
late or healed stage shows distortion of the pelvis 
with recalcification, 

Baker has described two cases in which he was 
able to demonstrate defects in the fibre system of the 
bone matrix by means of polarized light and various 
tissue stains, There was no evidence of involvement 
of the collagen connective tissue of other structures, 
Roentgenographically the picture presented by both 
patients was similar in appearance to osteomalacia 
occurring at advanced age, but the reactions to chemi- 
cal tests were at variance with this condition, He has 
designated this condition as Fibrogenesis Imperfecta 
Ossium., 


SCURVY*—(Barlow’s Disease) (Fig. 74). 
Scurvy is a nutritional disease due to deficiency of 
Vitamin C in the diet; characterized by hemorrhages 
throughout the body which result in certain character- 
istic bone changes. It is a disease of ossification 
occurring most frequently between six and ten months 
of age. It never occurs in breast-fed infants and 
rarely if ever is it present in new born infants. Vita- 
min C is contained in fresh fruits and vegetables 
such as oranges, lemons, grapefruit, tomato juice, 
etc., and is present in fresh milk. Boiling or pas- 
teurization destroys this vitamin in milk, 

The effect of Vitamin C deficiency is on the 
cells of mesenchymal origin producing an inability 
of the supporting tissues to produce and maintain 
intercellular substances. These substances are the 
collagen of all fibrous tissue, matrix of bone, den- 
tine and cartilage, including non-epithelial cement 
substance of vascular epithelium, and are essential 
to all normal osteoblastic and chondroblastic devel- 
opment. Without proper collagenous material, osteo- 
blastic proliferation all but ceases, and cartilaginous 
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growth, although still possible, results in formation 
of imperfect cartilage structure. Being an essential 
element of vascular structure, the lack of these 
collagenous elements explains the excessive hemor- 
rhages which accompany the disease. This lack of 
normal osseous development, and the associated 
hemorrhage which accompanies the disease, serve 
to explain all of the roentgen manifestations. 

The earliest changes to be noted in the bones 
are an enlargement of the ends of the long bones. 
The bony structure on the diaphyseal side of the 
epiphyseal line shows a disturbance in the normal 
bone architecture, the trabeculae become fragmented, 
there is a diffuse absorption of calcium salts and the 
end of the bone presents a translucent, ground-glass 
appearance. A broadened band of temporary calci- 
fication develops somewhat above the epiphyseal 
plate with a dense zone. This dense zone is known 
as the “trummerfeld zone,” (zone of debris) or as 
the white line of Fraenkel. Toward the diaphyseal 
side a radiolucent geristmark zone or scurvy line 
is seen due to inhibition of osteoblastic development 
and matrix formation from Vitamin C deficiency. 


It is homogeneous in density and runs uniformly 
across the end of the bone giving rise to an appear- 
ance of a double epiphyseal line, (Fig. 74B). The 
ossification centers themselves may present a dense 
deposit or ring of calcification about their edges, 
giving rise to the appearance of an ossification 
center within an ossification center known as 
Wimberger’s Sign, very frequently seen in the os- 
sification centers for the tarsal bones. This should 
not be confused with Wimberger’s sign in syphilitic 
epiphysitis, (q.v.). 

As the disease progresses, hemorrhages into 
the various organs and structures of the body give 
rise to the most prominent characteristics of the dis- 
ease. The gums become soft and spongy; the teeth 
loosen and active hemorrhages may occur; this mani- 
festation may not occur if teeth are not yet present. 


Subperiosteal hemorrhage causes the most striking 
characteristic of the disease in the bones. This may 
be seen first in the region of the epiphyseal plate 
where the periosteum is firmly attached. Injury 
from pressure on the weakened bone causes a small 
subperiosteal hemorrhage closely limited to the 
periosteal attachment is followed by spicules of 
periosteal new bone formation along the stripped-up 
periosteum which project almost perpendicularly 
outward from the region of the epiphyseal line. This 
is known as Pelkan’s Sign (Fig. 74A). Later on, 
more extensive subperiosteal hemorrhage may strip 
the periosteum from the entire shaft, giving rise to 
a boggy mass intimately connected with the shaft of 
the bone (Fig. 74C). This is the most acute stage of 
the disease, giving rise to extreme pain and dis- 
ability which may even resemble paralysis. The 
presence of a hard, painful tumor mass intimately 
connected with the bone, without fever, may clini- 
cally simulate sarcoma. The femur is frequently 
involved. Extensive subperiosteal hemorrhage may 
cause spontaneous dislocation of the epiphysis. 

Separation takes place through the weakened 
translucent zone; the epiphyseal plate with its peri- 
osteal attachments intact is literally floated off of 
its diaphyseal attachment by the extensive sub- 
periosteal hemorrhage. 

Even at this stage, the therapeutic test is 
most decisive in its action; the results of the ad- 
ministration of orange juice for twenty-four hours 
is almost miraculous; the pain is relieved; the 
patient feels better, and even uses the involved ex- 
tremities. On resuming proper diet, the subperi- 
osteal blood clot becomes ossified, the displaced 
epiphysis undergoes spontaneous correction due to 
the retained periosteal attachment to the epiphyseal 
plate and calcium salts again become deposited 
normally. The periosteal attachment to the epi- 
physeal bone plate explains the spontaneous resto- 
ration of the epiphyses as healing takes place. The 
irregular thickening of the shaft is restored to nor- 
mal after a few months or a year. 

The characteristics of this disease (Bromer) 
may be outlined as: 


Early: 
1. Loss of calcium salts in diaphyseal ends of 
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CALCINOSIS INTERSTITIALIS * (Fig. 74D) isa 
condition in which calcium salts are deposited in the 
subcutaneous tissues throughout the body. This is 
probably due to some fault of calcium metabolism 
rather than trauma and might perhaps be better con- 
sidered under that heading. It may remain local (Cir- 
cumscripta) or it may progress to an extreme degree 
involving practically the entire body (Universalis). 
Calcium deposits may have a tendency to occur about 
joints; the frequent association of calcinosis with 
scleroderma, dermatositis or vasomotor disturbances 
when there is vascular derangement or a degenerative 
condition of the connective tissue or fat suggests 
dystrophic calcification, (Cole). 

Administration of a ketogenic diet over a con- 
siderable period has resulted in a complete disappear - 
ance of the calcium deposits in some cases; others do 
not seem to be influenced by any therapeutic measure. 
Sausa and Chaves have reported a case showing de- 
velopment of the condition in a previously healthy 
child at three years. Adults may also be involved. 

Similar appearing calcific lesions have been 
demonstrated by Murphy and Sullivan from multiple 
deposits of calcium orthophosphate crystals in the 
bones, joints and soft tissues of a gibbon. 


TUMORAL CALCINOSIS (Calcinosis Circum- 
scripta) (Thomson and Tanner). Tumoral calcinosis 
seems to be a distinct entity of the general condition, 
calcinosis. Three brothers were described with 
large calcium tumor about the shoulder which ap- 
peared and enlarged for one year. Operative re- 
moval was followed by recurrence elsewhere. The 
cause could not be determined. 


CHALKY “GOUT”. This is another form of 
calcinosis circumscripta. It is characterized by 
small rounded chalk deposits in the subcutaneous 
tissues about the smaller phalangeal joints. Roent- 
genologically the dense chalky content of these nodules 
is readily discernible, differentiating them from the 
tophi associated with gout. It is the clinical appear- 
ance which so closely resembles gouty deposits. A 
type of Lipo-calcino- granulomatosis has been de- 
scribed by Oosthuizen, et al. 


HY PERVITAMINOSIS A (Rothman and Leon). 
Administration of excessive quantities of Vitamin A 
over a long time results in striking constitutional 
manifestations and pathological findings in bone 
structure: severe emaciation, hemorrhagic rhinitis, 
loss of hair, softening of bones, with spontaneous 
fracture and even death in two to four weeks. 

Daily dosage of 200,000 to 300,000 units of 
Vitamin A (usually taken as oleum percomorphum) 
for several months is usually necessary to produce 
the condition, (J. Caffey). It may be safely assumed 
that no case of hypervitaminosis A will occur with 
75,000 units daily or less. 
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A parallel type of periosteal reaction is pres- 
ent over the long bones and clavicles especially in 
the midportion of the shafts with swelling of the over- 
lying soft tissues and muscles. Calcified rings ap- 
pear about the epiphyses. 

The appearance is strikingly similar to infantile 
cortical hyperostosis. This similarity has been 
commented upon by E. B. Shaw, in discussion of an 
article by Toomey and Morissette. There are cer- 
tain variations; the periosteal reaction is more mas- 
sive and laminated in an infantile cortical hyperos- 
tosis but it is present in both; hypervitaminosis A 
occurs in first year of life, whereas infantile corti- 
cal hyperostosis has its onset in early infancy within 
the first two years; infantile cortical hyperostosis 
shows mandible most apt to be involved whereas, in 
hypervitaminosis it is not; hypervitaminosis A re- 
covers rapidly within a few days or weeks after with- 
drawal of excessive dosage of Vitamin A, whereas 
infantile cortical hyperostosis continues for months 
along its natural course before recovering. 


HY PERVITAMINOSIS D (Jeans; Caffey). Vita- 
min D is used primarily in infants in the treatment 
of rickets. In adults it has been found of value in 
the treatment of some forms of arthritis. The U.S.P. 
dosage recommended for children is 300 to 400 units 
daily; adults require proportionately less, approxi- 
mately 400 units. 

Numerous cases have been reported where 
these doses have been greatly exceeded, especially 
in the treatment of chronic arthritis. Large doses 
for a short time produce symptoms of intoxication, 
nausea, vomiting, diarrhea and abdominal discomfort. 
Continued over a long period of time, this leads to 
weight loss, debility and damage to cells of various 
organs, arteries and arterioles which become the 
repository of calcium salts. If continued, it may lead 
to death. These changes usually accompany hyper- 
calcemia and hyperphosphatemia. Metastatic calcium 
deposits occur in various organs and in and about 
joints. In the bones of growing children there isa 
dense deposit of mineral in the zone of provisional 
calcification in the metaphyses of long bones. 


It has been pointed out that all signs and radio- 
graph findings of hypercalcemia have been found in 
children in whom history of hypervitaminosis D can- 
not be proved; these are designated as idiopathic 
hypercalcemia, (Shiers, et al.). 

A most unusual case has been reported by 
Swoboda not recognizable as any known entity of bone 
disease up to the present consisting of marked ir- 
regular thickening of the bones of the skull occurring 
in two sisters 1 1/2 and 3 years of age. The long 
bones are enlarged, bowed and shapeless with 
marked osteoporosis. Suggestion is made that 
they may represent the changes in hyperphospha- 
temia. 
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QUESTIONS ON NUTRITIONAL DISEASES OF BONE 


Questions marked with a dagger deal with rare and less important conditions. 


Give characteristics of: Legg-Calve-Perthes’ Disease; state probable cause and differential diagnosis 
from tuberculous arthritis. 


Intrapelvic protrusion of the acetabulum; what is its cause and ultimate result? 
Osgood-Schlatter’s Disease. 


Kohler’s Disease of tarsal scaphoid and how does it differ from the other forms of epiphysitis mentioned 
above ? 


Subchondral necrosis of spine. 

Describe the bone changes of rickets and their roentgenographic appearance. What pathological changes 
are present and how can they be explained? What is meant by foetal rickets and late rickets? What is 
renal rickets and in what way is it related to ordinary rickets? 


What is osteomalacia and what are its characteristics? What relationship does it seem to have to endo- 
crine secretion? to vitamin deficiency ? 


To what is scurvy due and how does it manifest itself in bones, in the early stages? When well advanced? 
When healed? How do the X-ray findings vary from congenital syphilis? 


. What is calcinosis interstitalis and describe its roentgen appearance? 


Describe the roentgen characteristics of Hypervitaminosis A. 
What dosage of Vitamin A is necessary to produce this effect, and how is it treated? 


Describe the roentgen appearance of Hypervitaminosis D. What other conditions does it most 
resemble? 


In what way does Hypervitaminosis A resemble Infantile Cortical Hyperostosis and how may they 
be differentiated? 


What is meant by “chalky gout” ? Does it have any relationship to true gout? 


DISEASES OF BONE (Continued) 


INFECTIONS OF BONE (Chapter VII) 


BACTERIAL 
A. Pyogenic Infection 
1. Acute Osteomyelitis 


a. Hematogenous Origin 
In Adults 
Medullary or deep type 
Subperiosteal type 
In Infants and Children 
Metaphysial involvement 
Epiphyseal Type (non-tuberculous epiphysitis) 
b. Direct Extension (localized) origin 
Osteitis Pubis 


2. Chronic Osteomyelitis 


a. Following acute osteomyelitis 

b. Brucella osteomyelitis 

c. Chronic bone abscess, (BRODIE’S ABSCESS) 
d. Osteoid osteoma 


B. Nonsuppurating Osteomyelitis of GARRE 
C. Infantile Cortical Hyperostosis 
D. Tuberculosis of Bone 


1, 


Short and Long Bones, 


a. Diaphysis 

b. Metaphysis 

c. Epiphysis (cancellous end of bone) 
d. Joint (arthritis) 


. Irregular Bones especially 


a. Spine (vertebral bodies) 
b. Carpal bones, especially os magnum 
c. Tarsal bones, especially os calcis 


. Flat Bones, especially cranial bones 


a. Cystic type of tuberculous involvement 


SPIROCHETAL INFECTION 
E. Syphilis, (LUES) 


1. 
2. 
3. 


Congenital syphilis 
Epiphysitis 

Syphilitic lesions of later life 
a. Periostitis 


b. Osteitis 
c. Osteomyelitis 


F. Yaws 
G. Fungous Infection 


Or 1m 69 to 


. Actinomycosis 


Blastomycosis 


. Mycetoma, (Madura Foot) 
- Coccidioidal Granuloma 
. Torula 


H. Parasitic Infection 


1, 


Ecchinococcus Cyst 
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Chapter VII 


INFECTIONS OF BONE 


A. PYOGENIC BACTERIAL INFECTION OF BONE; 
I. ACUTE OSTEOMYELITIS of Hematogenous 
Origin: 
a. - adults with fully developed bone 
1. Medullary or deep type, which results 

from involvement of the medullary canal 
by infection gaining entrance by way of 
the nutrient artery. 

2. Subperiosteal type, which occurs when 
the pyogenic organisms gain entrance by 
way of the blood stream to the subperi- 
osteal region. 

b. In children, during epiphyseal development 

1. Metaphyseal Involvement 

2. Epiphyseal type--(non-tuberculous epi- 
physitis) 

c. In infants (under 1 year of age before epi- 
physeal development has actively begun. 

1. Metaphyseal region 

2. Joint involvement with possible spon- 
taneous dislocation. 

II. Direct Extension (Localized) Origin 
Spread from soft part infection. 
Spread from an infected joint. 


Direct Inoculation— Foreign body piercing bone. 


Approximately 90 per cent of hematogenous osteo- 
myelitis cases occur in children 5 to 15 years of 
age. Staphylococcus aureus is the most common 
etiological agent. 

Acute pyogenic osteomyelitis is an infection of 


bone by pyogenic organisms. The long bones are 
most frequently involved; only very rarely is the 
spine or skull the site of osteomyelitic involvement. 
Spinal involvement is usually as a direct extension 
from pyogenic pulmonary infection and involvement 
of the skull usually follows spread of infection from 
the sinuses or scalp. Its outstanding roentgenologi- 


cal characteristic is the co-existence of bone pro- 
duction and bone destruction. 


ere are general forms of the disease; 
the Hematogenous and Direct Extension Type. 


ACUTE PYOGENIC OSTEOMYELITIS OF 
HEMATOGENOUS ORIGIN: MEDULLARY 
OR DEEP TYPE* 


CLINICAL MANIFESTATIONS 
1. Age—5-15 years, although it can occur at any 
age; in recent years infantile involvement is 
becoming more prevalent. 
2. Sex—No predominance. 
3. Race—No predominance. 





4. Site of Inoculation— medullary canal by way of 

the nutrient artery. 

5. History and course of disease—The onset may 
be sudden with chills followed by high fever and leu- 
cocytosis. Even though the infection is deep in the 
medullary canal, the manifestations of localized in- 
fection, pain, heat, redness, swelling, loss of function 
may be present. Pain is usually severe, but may not 
be clearly confined to the area of involvement; for in- 
stance, involvement of the upper end of the femur may 
have pain referred to the knee. There may be a pre- 
existing suppurating lesion such as an abscess or 
other type of pyogenic infection in the body, but fre- 
quently no such history can be obtained. The disease 
may be more insidious and gradual in onset. 

Essentially similar x-ray findings have been 
encountered by Cockshott and MacGregor in associa- 
tion with variola. 

During the first seven to ten days pus accu- 
mulates in the medullary canal, but actual bone 
destruction or production may not be evident. The 
pus, being of similar density to the bone marrow, 
may give no evidence of its presence in the roent- 
genogram. However, even at this early stage, evi- 
dence of minute bone destruction may be seen in the 
metaphyseal region by careful examination and com- 
parison with the same region of the opposite side. 
This is probably due to the fact that the small veins 
draining the infected medullary canal offer avenues 
for extension of the infection. Therefore, if all 
other manifestations of osteomyelitis are present, 
do not wait for roentgen evidence of bone destruction, 
but proceed with treatment. 

The advent of chemotherapy has revolutionized 
the treatment; sulp ugs, penicillin and other an- 

tibiotics, will abort the infection if administered 
aa. Even when given after the condition is well es- 
tablished they may exert a very favorable influence, 
check the advance of the infection and hasten re- 
covery. At any rate as soon as the condition is sus- 
pected clinically, chemotherapy should be instituted. 
In the light of our present knowledge simple aspira- 
tion of subperiosteal or soft part abscess often serves 
well to restrain the harmful effect of stripping up of 
the periosteum. If the disease has advanced so far 
that surgical treatment is thought advisable, simple 
drilling into the shaft for detection of the infection is 
not sufficient for drainage; nothing short of resec- 
tion of a gutter of bone (saucerization) will suffice. 

Early administration of chemotherapy will ma- 
terially modify the picture usually produced by un- 
checked osteomyelitis or may even abort the disease; 
as a result, the typical form is now seldom seen. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter, 
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PATHOLOGICAL INVOLVEMENT AND 
ROENTGENOLOGICAL FINDINGS. Bacteria enter- 
ing through the nutrient artery are deposited in its 
smaller branches in the medullary canal. The end 
arteries are arranged in loops in the metaphyseal 
ends of the bones; therefore, the initial effect of the 
infection may be in the metaphyseal region. This 
portion of the bone, being soft and cancellous, may 
be the site of most extensive destruction. With the 
proliferation of organisms the infection tends to 
extend if unchecked along the line of least resist- 
ance up and down the medullary canal (Fig. 75A). 

E ven as this extension occurs there are multiple 
areas of localized erosion of bone due to the bac- 
terial toxins which finally result in complete per- 
foration of the cortex of the bone in widely separated 
localities, leaving good bone structure between 








PRINCIPLES OF ROENTGEN INTERPRETATION 





sufficient so that there is no manifestation of toxic 
absorption, then there is no need for hasty operative 
procedure; if there is evidence of toxic absorption 
any surgical procedure should be limited to securing 
adequate drainage. 

When the involucrum has assumed sufficient 
strength to take on the function of the destroyed bone 
then operative procedure may be undertaken for the 
removal of necrotic material. In children under 
three years of age simple drainage of the infection 
or aspiration without exploration of the bone; and 
immobilization in a cast often gives better results 
than extensive operative drainage of the medullary 
cavity. 


Chemotherapy if instituted sufficiently early in 
the course of the disease may not only influence the 





Fig. 75 


(Fig. 75B). With the perforation of the cortex the pus 
reaches the subperiosteal region and the periosteum 
is stripped up from its bony attachment by the bur- 
rowing of the pus. Finally, however, from a process 
of distension and erosion, the periosteum itself is 
broken through, thus allowing the escape of pus 
through the soft parts to the outside (Fig. 75C). If 
sufficient drainage is thus established the toxic mani- 
festations will disappear. 

With the involvement of the periosteum, this 
structure is stimulated to new bone formation as a 
part of the reparative process. Large amounts of 
periosteal new bone may surround and practically re- 
establish the destroyed bone. The new-formed peri- 
osteal bone is called the involucrum. If drainage is 


clinical course of the disease but may so modify the 
roentgen manifestations that they may be at great 
variance with those ordinarily encountered. In place 
of large areas of stripped-up periosteum with result- 
ing extensive sequestra formation (Fig. 75), the peri- 
osteal reaction is often at a minimum. The intact 
periosteum likewise offers adequate blood supply to 
the underlying bone and consequently bone destruc - 
tion is limited and repair a simpler and more rapid 
process. The destroyed bone fills in and is replaced 
by sclerotic proliferation of the bone cells themselves 
giving a denser appearance to the trabeculae. It is 
more rapid and stronger following the natural physio- 
logical method of bone repair. The entire process 
may be over in 30 to 60 days, whereas without chemo- 
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therapy the disease may be prolonged for many years. 


SEQUESTRUM FORMATION (Fig. 75C). If the 
infection is unchecked extending up and down the shaft, 
stripping up the periosteum, sequestration will occur. 
The blood supply of bone comes from two main 
sources; the nutrient artery and the osteogenic layer 
of the periosteum. With the involvement of the medul- 
lary canal by infection the source of blood supply to 
the bone normally furnished by the nutrient artery is 
cut off. As the pus which erodes through the cortex 
to the subperiosteal region undermines and strips up 
the periosteum in its effort to gain drainage, it there- 
by removes from the bony cortex the only other ade- 
quate blood supply for the nutrition of the bone. When 
any tissue is deprived of adequate blood supply, it 
dies; so it is that with the elimination of the blood 
supply to certain portions of the bone they die and 
are ultimately sloughed off. This is due to the action 
of osteoclasts on the infarcted area. When separated, 
such a piece of dead bone is known as a sequestrum., 
Since sequestra are the usual sources of persistent 
drainage in osteomyelitis, and since the sinuses 
caused by them will not close until they are com- 
pletely absorbed by the body secretions (sequestra 
are not removed by osteoclastic action), discharged 
spontaneously or removed by surgical procedure, 
their recognization in the roentgenogram is an all- 
important point. Such sinuses sometimes persist for 
years; or they may close only to be reestablished 
when the pressure of underlying pus becomes suffi- 
ciently great. 


ROENTGEN MANIFESTATION OF SEQUES- 
TRUM FORMATION (Fig. 75D). There are two 
rather distinct characteristics by which sequestra 


can be recognized; first, a sequestrum usually pre- 


sents a more chalky white appearance than the sur- 
rounding bone, and second, sequestra never show 
active proliferation of periosteal new bone. If any 
normal bone is placed at rest for four to six weeks, 
it undergoes absorption of the calcium salts; this 
condition is known as bone atrophy, or osteoporosis. 
This normal absorption is dependent upon an intact 
blood supply; in the case of sequestrum formation the 
blood supply to the sequestrum is destroyed and 
physiological absorption cannot take place. The piece 
of dead bone, therefore, retains its calcium salts and 
does not undergo the normal physiological atrophy. 
In contrast with the surrounding atrophied bone the 
sequestrum presents a chalky white appearance. This 
is an outstanding feature of sequestrum formation. 
The second characteristic of sequestrum for- 
mation is the failure of periosteal proliferation in 
contact with the sequestrated bone. By definition, a 
sequestrum is a piece of bone that dies because it is 
deprived of its blood supply, due to the stripping up 
of the periosteum; therefore no periosteal reaction 
can be present springing from the dead bone. Seques- 
tration may involve the entire shaft or may be limited 
to small areas in the cortex of the bone. In either 
event the sequestrum is usually surrounded by an 
area of liquefaction or destruction of the bone, which, 
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in turn, is surrounded by an area of bone sclerosis 
In this state the disease becomes chronic and in its 
well-walled-off state will rarely show any benefit from 
chemotherapy. 

With the removal of all sequestra, healing 
rapidly takes place. The primary infection is usually 
limited to the medullary canal, and rarely spreads 
beyond the epiphyseal line, although in exceptional 
cases it may spread to the epiphysis and even involve 
the joint. A hole completely through a bone is known 
as a cloaca, 

Frequently the primary infection is followed by 
numerous metastatic infections in the other bones in 
far removed localities (Fig. 76). These metastatic 
infections may be subperiosteal and are often not sus- 
pected until the drainage of the primarily infected 
bone has been established. Not until the pain of the 
primary infection is relieved does the patient notice 
the less painful secondary site of involvement. Sub- 


periosteal infection of this sort rarely goes on to 
extensive suppuration and sequestrum formation. 


ROENTGENOLOGICAL CHARACTERISTICS— 
MEDULLARY TYPE OSTEOMYELITIS 


1. Point of Origin. 
From the widespread manifestations of the 


disease seen in the roentgenogram, the point of 
origin is obviously the medullary canal. 


2. Bone Production or Bone Destruction. 

In pyogenic infection o ne of all sorts, 
there are manifestations of bone destruction and 
bone production going on at the same time. This 
simultaneous occurrence is a differential point in 
the diagnosis of this disease. New bone forma- 
tion is manifested principally by periosteal reac- 
tion, usually of the parallel type. It is possible in 
a person suffering from lues for pyogenic infection 
to activate the luetic involvement, giving rise to 
the lace-work type of periosteal reaction. In cer- 
tain localities, especially phalanges, new bone pro- 
duction may be very slow in formation and may not 
appear until there is considerable destruction. 
Later on in the course of the disease, bone produc- 
tion may manifest itself as a sclerosing osteitis, 
especially bordering small areas of confined sup- 
puration and necrosis. Bone production may be so 
pronounced that under certain circumstances the 
condition may resemble bone sarcoma. 


3. Expansion or Nonexpansion. 

No expansion of bone is present, since the 
process starting in the medullary canal spreads 
up and down the shaft and erodes through the cor- 
tex. The acute character makes expansion im- 


possible. 


4. Condition of the Cortex. 
The cortex is broken through in numerous 


= ee 
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places leaving areas of good bone structure in be- 
tween. This is a characteristic of infection and is 
a differential point between osteomyelitis and 
malignancy. One of the characteristics of malig- 
nant tumors arising in medullary canal is their 
early erosion through the cortex, but in this in- 
stance there are not multiple areas of erosion 
with good bone in between as in osteomyelitis. 


9. Invasion or Noninvasion. 

There is no true invasion of soft parts by the 
tumor mass. Sinuses pierce the soft parts and 
discharge pus from the medullary canal, but no 
true invasion occurs as by tumor formation. In 
the case of tumor growth the invasion is by mul- 
tiplication of cells which literally sweep the cor- 
tex away before it. 


SUBPERIOSTEAL TYPE OF OSTEOMYELITIS* 


This type of osteomyelitis is most frequently 
seen in association with the extensive medullary 
type at some remote location as a metastatic in- 
volvement. The pyogenic organisms which produce 
the original medullary involvement, circulating in 
the blood stream, find lodgment in the subperiosteal 
tissue of some other bone by way of the periosteal 
blood supply. The development of such foci may 
be influenced by slight trauma such as that inci- 
dent to the heel resting on the bed, or the rub- 
bing of the bed clothes on the big toe. Pyogenic 
infection of this type usually tends to remain more 
localized in the subperiosteal tissues and often 
does not spread far from the original site of in- 
oculation, being limited by cortical bone on the 
one side and periosteal new bone formation on the 
other. The confinement of the infection under the 
stripped-up periosteum leads to layer upon layer 
of newly-formed periosteal bone. Only very rarely 
is the cortex eroded; rarely if ever does this erosion 
from such foci extend into the medullary canal. 

Clinically the manifestations are not painful to 
the same degree as those of the primary medullary 
involvement and often their presence may not be sus- 
pected until adequate drainage of the primary infec- 
tion relieves the pain in that region. 

Roentgenological Characteristics Subperiosteal 
Type Osteomyelitis (Fig. 76). 

1. Point of Origin. 

Subperiosteal region causing stripping-up of 
periosteum with extreme degree of periosteal reac- 
tion. These areas may be from a few centimeters in 
length to areas involving one-half of the shaft. 

2. Bone Production or Bone Destruction. 

There are large amounts of new periosteal 
bone production, usually layer upon layer of bone of 
parallel type of reaction. Bone destruction is limited 
to slight erosion of the cortex or it may not be de- 
tected at all. Sequestrum formation is rarely present 
and if it does occur, is usually very small. 

3. Expansion or Non-expansion. 

No true expansion; any enlargement of bone is 
due to periosteal reaction. The shaft still retains 
its normal configuration. 





Fig. 76 


4. Condition of Cortex. 

Ordinarily cortex remains intact, but there 
may be erosion and destruction. 

9. No true invasion of the soft parts. 

In recent years, the condition seems more 
prevalent taking on the appearance of dense sclerosis 
with a central area of bone destruction confined to 
one end of a long bone, (Neligan and Warrick). 


OSTEOMYELITIS IN CHILDREN 


Osteomyelitic infection in young children may 
show marked variation from the manifestations de- 
scribed in adults. The source of infection in most 
instances is thought to be infection from diaper rash 
or other skin diseases but many cases are seen in 
which no source of the infection can be found, Any 
of the pyogenic organisms may be the cause but the 
streptococcus and staphylococcus are the most com- 
mon offenders. 

It is blood borne as in adults and seems to 
have a predilection for the metaphysial regions. It 
has a tendency to spread to the epiphysis and may 
cause spontaneous epiphyseal separation as in 
scurvy. The epiphyseal structure is often involved 
and may be destroyed. The infection may spread to 
involve the joint giving an impression of a primary 
joint infection The amount of fluid may be increased 
so much as to cause spontaneous dislocation of the 
joint. 


Clinically, the process may seem more insidi- 
ous, with relatively low fever, relatively slight pain 
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and disability. 


Roentgenographically there is localized rare- 
faction of the diaphysial end of the bone. Often round- 
ed areas of bone destruction occur in diaphyses and 
epiphysis but sequestration is not common. There is 
an epiphyseal reaction in the region of bone involve- 
ment. The epiphysis may be separated or the joint 


dislocated. 


The prognosis in very young infants is much 
less favorable than in older individuals but chemo- 
therapy gives a great advantage in treatment. Sub- 
periosteal collection of pus may be successfully as- 
pirated without operative drainage. A type of low- 
grade infection occurring in infants, known as spondy- 
larthritis (q.v.) is characterized by narrowing of the 
intervertebral discs and some sclerosis of the verte- 
bra, developing insidiously and lasting several months. 
Complete recovery is the usual outcome; it resembles 
most tuberculous spondylitis from which it must be 


differentiated. 


Acute bacterial osteomyelitis most commonly 
affects the long bones, but it may involve any bone in 
the body. Although a rare occurrence, it may affect 
the spine. Pneumococcus osteomyelitis of the spine 
has been reported as a complication of pneumonia, 
and typhoid involvement of the spine was a not too un- 
common occurrence in the days when typhoid was a 
prolific disease. The Friedlander bacillus has been 
reported as a cause in South African individuals. 

Osteomyelitis variolosa or osteomyelitis re- 
sulting from small pox infection or vaccinia usually 
occurs in children of other countries where small pox 
is prevalent presenting similar findings, (Bertcher, 


Cockshott and Macgreger). 


Acute pyogenic epiphysitis is a rather rare con- 
dition in which the blood-borne infection primarily 
attacks the epiphysis of older children. The process 
usually spreads to involve the adjacent diaphyseal 
structure, but rarely progresses for any great dis- 
tance down the medullary canal. The articular car- 


ACUTE PYOGENIC EPIPHYSITIS 
(NONTUBERCULOUS) Fig. 77 
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tilage forms a barrier to the spread of the infection 
of the joint, although complete destruction of the 
joint may result. 

This type of pyogenic infection of bone is most 
frequent in relatively young children, usually between 
the ages of three and seven years, but it may occur at 
any age up to the age of complete union of the epiphy- 
ses, The upper end of the femur and upper end of the 
tibia are the most frequent sites of involvement. 


Clinical Characteristics of Acute Pyogenic 
Epiphysitis. The onset is sudden with fever, pain, 


muscle spasm and other signs of local inflammation. 
There is periarticular swelling and sometimes the 
development of effusion in the joint. As the disease 
progresses there is bone destruction, and sequestrum 
formation. Sinuses may form to the outside, discharg- 
ing the pus. The disease may become chronic, similar 
to osteomyelitic infection elsewhere in the bone. 
Chemotherapy in this condition also may prove very 
beneficial if given early. 


Pathological and Roentgenological Characteris- 
tics of Acute Pyogenic Epiphysitis. Pyogenic infec- 


tion involving the cancellous bone of the epiphysis 
results in bone destruction, which varies in amount 
with the severity of the infection. This is very rapid, 
often being quite pronounced by the end of the third 
or fourth week. The destruction may be carried to 
the point of fragmentation or complete destruction of 
the epiphysis. The destructive process is so rapid 
that it is evident in the roentgenogram before suffi- 
cient time has elapsed to permit absorption of lime 
salts from atrophy of disuse. The pyogenic infection 
may or may not form fistulous tracts to the outside; 
frequently the end of the extremity becomes large and 
swollen with the pyogenic process remaining confined 
to the tissues. The destroyed bone and cartilage is 
replaced by new bone formation from proliferation of 
the adjacent periosteum. The end result may be de- 
struction of the function of the epiphysis and failure 
of future growth or limitation of motion of the joint. 

These pathological manifestations result in the 
following roentgenological characteristics: 

1. Point of Origin: epiphysis. 

2. Bone Production or Destruction: both occur 

at the same time in the involved area. 

3. No true Expansion. 

4. Cortex although broken through in numerous 

places shows areas of good bone between. 

5. No true Invasion of soft parts. 

The only condition in which the roentgenographic 
picture may resemble this condition is tuberculous 
epiphysitis. The main difference between the mani- 
festations of these two conditions is that acute pyo- 
genic epiphysitis is much more rapid, requiring only 
days and weeks for the same degree of bone changes 
that would require months and years from tuberculous 
involvement. As a result, bone atrophy which is a 
physiological result of disuse of any bone does not 
have time to occur before bone destruction in acute 
pyogenic epiphysitis, whereas in tuberculous epiphy- 
sitis, bone atrophy is evident long before bone de- 
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struction occurs. Also bone destruction by pyogenic 
processes is repaired by new bone formation, peri- 
osteal and cortical, while purely tuberculous destruc- 
tion is repaired primarily by fibrous tissue only; 
when actual bone production is present with tubercu- 


lous disease it is usually a manifestation of associated 


pyogenic infection. 

Infection of epiphyses especially of the meta- 
carpals and metatarsals from osteomyelitis or other 
systemic infection may result in loss of function of 
the epiphysis and stunting of its growth. Attention 
has been called to the tendency of smallpox to cause 
this deformity. There may be no such demonstrable 
etiology however; the condition may be symmetrical, 
affecting the same toe or finger on each side. 


DIRECT EXTENSION TYPE OF OSTEOMYELITIS 
Fig. 78 


The bone may become involved by spread of 
pyogenic infection: 

From the soft parts 

From infection of an adjacent joint 

From direct inoculation by a foreign body 

In all these types the area of infection tends to 
remain local, rarely, if ever, extending to involve 
the entire medullary canal. Actual involvement is 
first manifested by hazy appearance of the outline of 
the bone from erosion of the cortex. This process 
takes longer and is not as severe as that seen where 
pus is confined to the medullary canal under pressure 
and is seeking an outlet. Periosteal new bone pro- 
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duction is not as extensive, but usually manifests 
itself as a thin white line running along the shaft of 
bone adjacent to the area of erosion. 

When the process spreads from an infected 
joint the cancellous portion of the bone offers a ready 
medium for extension of the disease. In the cancel- 
lous portion actual bone destruction may be difficult 
to differentiate from bone atrophy, but the disintegra- 
tion of the trabecular bone from actual destruction of 
the bone cells can usually be made out. 

If the infection is directly inoculated by a pene- 
trating foreign body or as in a compound fracture, 
the manifestations of infection begin at the point of 
inoculation and spread to the adjacent bony structure. 
Incision and evacuation of the infection to the outside 
materially lessen the danger of extension to the bone. 


Roentgenological Characteristics of Localized 
Type Osteomyelitis. . 


1. Point of Origin. 


At the periphery of the bone, with variations, 
depending upon the type. 


2. Bone Production or Bone Destruction. 

Both bone production and bone destruction are 
present, but the reaction is usually more localized. 
Destruction is usually confined to a local erosion. 
Sequestra, if present, are usually small. 


3. Expansion or Nonexpansion. None. 


4. Condition of the Cortex. 
Eroded near site of infection; there may be 
associated sequestrum formation. 


5. Invasion or Noninvasion. 
No true invasion of the soft parts. 


OSTEITIS PUBIS AND ISCHII. This is a condi- 
tion which develops in the pubic bones at their sym- 
physis and in the ramii of the ischia shortly after 
operative procedures on the prostate and bladder 
neck, (Cohen). It is probably due to some low-grade 
type of infection, although the causative organism 
cannot ordinarily be isolated. Batson has demon- 
strated a wealth of venous supply to the bones of 
pelvis and hip which might explain extension of in- 
fection to these areas after bladder and prostate op- 
erations. We have encountered a case in which an 
acute destructive arthritis of the hip joint followed 
such an involvement of the symphysis some weeks 
after recovery of the primary lesion, It is attendant 
with considerable pain, Similar extension of infection 
to the spine following prostatectomy has been re- 
ported by Liming and Youngs. 

Roentgenologically, the bony structures of the 
pubic and ischial regions undergo osteoporosis and 
erosion later followed by dense sclerosis with shaggy 
periosteal reaction; and occasionally small, cystlike 
areas of destruction are present. The condition is 
favorably influenced by x-ray therapy, (Goldstein and 
Rubin). All other supportive and biological methods 
may have to be used. The process may involve 
months and years before complete restoration to 
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health. Ultimate cure frequently results in fusion of 
the symphysis pubis, (Lame and Chang). 


CHRONIC OSTEOMYELITIS 


Not until every vestige of destroyed bone is re- 
moved does the osteomyelitis process heal. The in- 
volucrum may become sufficiently strong to take on 
the function of the part, and the individual may be up 
and about, carrying on his normal activities, but nu- 
merous small isolated areas of bone destruction, 
usually with associated tiny sequestra, will still keep 
the discharging cutaneous sinuses active for years. 
Such sinuses may close temporarily, only to be fol- 
lowed by accumulation of infectious material, re- 
opening with reestablishment of the sinus. 

Such remaining foci are usually represented by 
smal] destroyed areas of the bone, or by dependent 
pockets formed by the infection in the cancellous bone 
which do not favor normal drainage. In either case 
surgical correction is essential to avoid a long period 
of invalidism. Being well walled off, chemotherapy 
has little influence on lesions of this sort. 


Osteomyelitis from brucella infection is usual- 
ly very chronic giving rise to localized areas of bone 
destruction with sinuses which persist over a long 
period of time. Such foci usually cannot be differ- 
entiated roentgenographically from osteomyelitis 
from other cause. Streptomycin may be effective in 
the cure of such infections, (Lowe and Lipscomb). 
Other unusual types of osteomyelitis are those pro- 
duced by typhoid and paratyphoid organisms. 

Where typhoid fever still exists bone infection 
involving almost any region of the body occurs. The 
bone reaction is very similar to other types of pyo- 
genic infection with sclerosis, periosteal reaction, 
and even necrosis with sequestration. 

Paratyphoid infection, although very rarely en- 
countered, produces a much different, almost char- 
acteristic appearance. Rounded punched-out areas 
of destruction appear in the diaphyses of the bones 
(usually of the knee), bordering upon the epiphyseal 
line. These are surrounded by areas of sclerosis of 
the bone and periosteal reaction. The process is 
similar in some respects to that produced by the 
cystic type of metaphyseal tuberculosis or sarcoid 
involvement of bone but is much more rapid, all 
cases being healed in from two to three months, 
(Forssman). 

Friedlander bacilli may cause infection in 
many other tissues besides the lung. It may be the 
etiological organism in osteomyelitis, and in this 
role may be associated with formation of gas in the 
soft tissues. 


CHRONIC ABSCESS OF BONE 
BRODIE’S ABSCESS 


Brodie’s abscess (Fig. 79A) may be defined as 
a small solitary area of destruction in the cancellous 
bone, caused by chronic attenuated pyogenic infec- 
tion, usually staphylococcus. The condition does not 
provoke severe constitutional or local reaction, and 
yet pain is the most prominent symptom. It is of 
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deep boring type and is persistent. There is nothing 
to indicate a tuberculous etiology. It usually occurs 
in young adults, most frequently in males, in a pro- 
portion of five to one. 

The condition occurs in the tibia in a majority 
of all cases. The lower end of radius, femur and 
humerus are the other common sites; but it may occur 
in any location. 

Clinically, this condition occasionally follows 
an acute infectious process or trauma, but most often 
occurs without any definite known etiology. The onset 
is slow, characterized by a rheumatic boring pain, 
which may be worse at night. The course is chronic, 
seldom producing any febrile reaction. Chemotherapy 
has proven of little value. 


Patholo and Roentgenological Characteristics, 


Brodie’s Abscess. Pathologically there is a central 


area of bone destruction located near the end of a long 
bone, usually without any external fistula or periosteal 
reaction. This is manifested in the roentgenogram by 
an area of destruction one to two centimeters in 
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diameter, frequently showing a small central seques- 
trum and a surrounding area of sclerosis of the bone. 
The reaction process is mild and finds expression as 
sclerosis rather than excessive increase in volume; 
the cortical bonefabout the lesion may show increased 
density. If sclerosis is very extensive it may ob- 
scure the area of rarefaction and make the diagnosis 
more difficult. The shaft of the bone may be normal 
in contour or fusiform in outline and there may be 
some proliferation of the overlying periosteum. 

The treatment usually consists of opening and 
curretting of the abscess cavity and packing with iodo- 
form gauze to insure healing from below, which re- 
sults incomplete recovery,or local surgical excision. 


OSTEOID OSTEOMA (Jaffe) (Fig. 79B). This is 
a condition similar roentgenographically in practically 
every respect to Brodie’s abscess of bone, with the 
exception that pyogenic microorganisms cannot be 
demonstrated as etiological agents. In this condition 
likewise, pain is the most prominent symptom; the 
pain is persistent of a deep bony type and may be re- 
ferred to an adjacent joint. Males predominate 2:1 to 
3:1; usually (fully 90%) under 40 years. It presents a 
3mall well defined central area of bone destruction, 
surrounded by a zone of bone sclerosis often with 
varying degrees of parallel periosteal reaction. A 
small area of increased density within the destroyed 


area may be readily interpreted as a tiny sequestrum. 


There is no evidence of bacterial infection even on 
culture. This does not exclude some type of virus in- 
fection, however, Freeberger et al. From the roent- 
gen standpoint the two conditions cannot be differen- 
tiated, (J. F. Hamilton). Theseusually occur in the 
ends of long bones, but they may occur in other loca- 
tions, Fagerberg and Rudstrom have described an in- 
stance in which the arch of a vertebra was involved. 

Microscopically, Jaffe has found within the area 
of destroyed bone a nidus or nest of osteoid tissue, 
with varying degrees of newly formed bone. This lat- 
ter gives the roentgen impression of a sequestrum 
whereas it may really be an evidence of repair by 
newly formed bone, At any rate excision of the area 
always results in cure, Flaherty et al. have recently 
reported on 54 cases of proved osteoid osteoma with 
analysis of findings. Knutsson has stressed the not 
infrequent occurrence of this condition in children; 
because of the excessive production of periosteal re- 
action its nature may be obscured, 

Another rare condition which may give rise to 
confusion in diagnosis is nonsuppurative osteomy- 
elitis of Garré. 


NONSUPPURATIVE OSTEOMYELITIS (Garré) 
This is a more insidious type of osteomyelitis char- 
acterized by bone production and sclerosis, with a 
limited amount of bone destruction and osteoporosis, 
which does not suppurate. 

Clinical Manifestation. 
youth and middle age. 

A frequent site of involvement is the femur. In 
a majority of instances only a single bone is involved. 

The disease may have an acute onset with fever 
and leucocytosis which rapidly subsides into a clini- 
cal course extending over a period of months or 
years, or the onset may be insidious and the symp- 
toms appear latent. Some give a history of previous 
illness, such as typhoid, influenza, or focal infec - 
tions, but in the majority of cases no history of pre- 


The disease occurs in 


vious infection is obtainable. 

After the acute onset the patient usually ex- 
periences pain of a dull character, with swelling and 
tenderness, but only slight constitutional disturbances. 
The fever when present is only slight (98.6°-100° F) 
and the leucocytosis is mild (8,000-12,000). The pa- 
tient presents himself for one of the following symp- 
toms: pain, swelling, deformity, limitation of motion 
or even fracture. 


Pathological and Roentgenological Findings. 
The condition is probably due to a low-grade infec - 


tion in the lymphatics of the bone. 

The roentgenogram may present any or all of 
the following reactions. 

1. Sclerosis. 

2. Periosteal Reaction. 

3. Bone Destruction. 

4. Osteoporosis. 

The most outstanding characteristic of the con- 
dition is the osteosclerosis either confined to a 


small localized area, or involving the entire shaft of 


the bone. This may be so pronounced that it even ob- 
literates the medullary canal. This may be homo- 
genous or spotted with areas of destruction. The 
areas of destruction produce a moth-eaten appear- 
ance and often suggest small cyst formations, but 
sequestrum formation does not occur. Destruction 
of bone is usually not a prominent feature. 

The degree of ossification may vary from an 
area beneath the periosteum, producing subperiosteal 
localized ossification, to a large irregular mass of 
new bone attachment to a norma! shaft throughout its 
entire length. The periosteum varies in its reaction 
from a smooth, rounded deposit to a shaggy bone 
production with spicules standing out from the shaft. 
This type is often confused with osteogenic sarcoma. 

Upon operation a straw-colored fluid is freed 
from the marrow cavity, but no evidence of pus is 
found. The medullary canal is filled with necrotic 
and hemorrhagic material. On culture the staphy- 
lococcus aureus is usually found. Suppuration soon 
develops following surgical intervention, however. 

Differential diagnosis is difficult; in its purely 
sclerotic form it resembles the sclerotic osteitis of 
lues from which it can hardly be distinguished by 
roentgen examination alone. When associated with 
periosteal reaction it may resemble Ewing's Sar- 
coma, or if bone destruction is a prominent feature 
it may be confused with osteolytic sarcoma. Due to 
its confusion with the various types of sarcoma of 
the bone, correct diagnosis is vital. If in doubt, a 
biopsy should be taken before any extensive or de- 
forming operation is undertaken. 


INFANTILE CORTICAL HY PEROSTOSIS 
(Figs. 80A, B, C) (Caffey and Silverman). This is a 
condition appearing in infants within the first three 
months of life in which local painful swellings appear 
in the soft parts over the long bones, ribs, cheeks, 
jaws, scapulas, and clavicles. The patient becomes 
irritable and feverish with loss of appetite and sensi- 
tiveness on handling. Some patients have pseudo- 
paralysis, dysphagia, pleurisy, anemia, leucocytosis, 
monocytosis, increased sedementation rate and in- 
creased serum phosphatase. 

The condition is usually self-limited running 
its course in a few months and terminating in re- 
covery with restoration of the bones to normal. 
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source; and all cases of bone tuberculosis should 
have chest roentgenograms in search of active foci. 
In order to understand more readily the roent- 
gen manifestations of the disease in its various forms 
the essential underlying pathology must be borne in 
mind. By and large, tuberculosis must be considered 
as the great bone destroyer. It is one of the diseases 
characterized by formation of granulomatous masses; 
when these invade bone, they destroy not only by 
liberation of bacterial toxins but by pressure of their 
invading granulomatous deposits. The process is 
rather slow and insidious, lasting for months and 
years, rather than days and weeks. If tuberculous 
granulations develop beneath the periosteum, it will 


be stripped from its underlying bony attachment and 
periosteal reaction will occur from its mechanical 
stimulation. This occurs very rarely and usually to 
a very limited degree, but it must be borne in mind 
that it is possible. The roentgen appearance is very 
similar to that caused by subperiosteal invasion of 
leukemic infiltration. If the pressure from these tu- 
berculous granulations is great and the cortical struc- 
tures soft, as in children, expansion of the bone may 
occur; if the bony cortex is unyielding, as in adults, 
necrosis occurs. 

Ultimate repair of the destroyed bone is largely 
by fibrous tissue formation, only rarely and usually 
to a very limited degree does new bone formation oc- 
cur aS a reparative process after tuberculous infec- 
tion. Allison states that, “In all my cases when com- 
pact bone was involved, proliferation predominated; 
when cancellous bone was affected, the lesions proved 
to be destructive.” Allison and Fisher were able to 
produce tuberculosis experimentally in the long bones 
of dogs. When they implanted the bacilli under the 
periosteum or in the diaphysis, a proliferative process 
resulted; when the epiphysis or joint surface was in- 
oculated, this reaction did not occur. If however, by 
reason of sinus formation, secondary pyogenic infec- 
tion of the tuberculous tract occurs, then new bone 
formation can be expected in response to the pyogenic 
organisms. 

The advent of antibiotic therapy has done much 
to change the outlook in tuberculous infections. Strep- 
tomycin, usually in combination with para-amino- 
salicylate (P.A.S.), by static action on the tubercle 
bacillus, “retards the destructive process of the 
disease, hastens reossification and shortens the 
duration of the malady”, (Jones), permitting earlier 
and more extensive remedial operative procedures. 
These naturally modify the processes of natural 
healing. 





SITES OF BONE INVOLVEMENT 


The principal sites of tuberculous bone involve- 
ment are: 

Short and Long Bones, 

a) epiphysis—(cancellous end of bone) 

b) joint— (arthritis) 

c) diaphysis 

d) metaphysis—(cystic involvement) 
Irregular bones, especially, 
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a) spine—(vertebral bodies) 
b) carpal bones, especially os magnum 
c) tarsal bones, especially os calcis 
Flat Bones, especially cranial bones 
a) Cystic type of tuberculous involvement. 
Epiphyseal Tuberculosis (Fig. 81A). With the 
establishment of epiphyseal growth, epiphyseal in- 
fection with tuberculosis becomes evident. This is 
by far the most common site of involvement. 
Roentgenological analysis of epiphyseal tu- 
berculosis indicates, 
Point of origin, is in the epiphyseal structures, 
almost always extending to involve the joint, 
Bone production or destruction, is similar to 
tuberculous infection of other locations in 
bone; destruction is the most prominent 
feature—(tuberculosis is the great bone de- 
stroyer)—any manifestation of bone produc- 
tion is very slight, due to mechanical lifting 
of the periosteal structures from the under- 
lying cortex by invasion of granulations. 
Expansion or Non- Expansion: No true ex- 
pansion of the bone. 
Condition of Cortex: Broken through in many 
~ places from erosion with sinus formation 
to give exit to the products of infection. 
Invasion of Soft Parts: There is no true inva- 
~~ gion since the process is not of neoplastic 
origin. 





Fig. 81A 


Since in a great many instances the epiphysis is inti- 
mately connected with the articular cortex of a joint, 
any involvement of this structure therefore is apt to 
result in an involvement of the joint. In a great ma- 
jority of instances the areas of tuberculous destruc- 
tion start in the epiphysis and spread to involve the 
joint. Tuberculous infection of bone is a slow insid- 
ious process, requiring months and years for its 
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development rather than days and weeks as compared 
to pyogenic infections. In the beginning stage of tu- 
berculous involvement, especially in this location, 
there may be no detectable evidence of pathology in 
the roentgenogram, and yet, there may be extreme 
pain causing limitation of use of the part. This in 
turn results in physiological absorption of lime salts 
—osteoporosis; not until later on is bone destruction 
from the tuberculous process evident in the roentgen- 
ogram. As a result osteoporosis may be present in 
this condition before bone destruction is evident, a 
condition which is just the reverse of pyogenic infec- 
tion. 

The first evidence of cortical involvement may 
be a hazy appearance of the articular cortex in the 
subchondral area caused by invasion by tuberculous 
infection. Since this always leads to spread of the 
infection to the joint it may be considered as a fore- 
runner of tuberculous arthritis. With involvement of 
the subchondral region, the cartilage becomes affect- 
ed; tuberculous granulations extend into the joint 
covering the cartilage like a pannus destroying it. 
The erosion is greatest in the noncontacting parts of 

e joint. 

Ultimate repair of the destroyed bone is by 
fibrous tissue formation, rarely by new bone forma- 
tion unless secondary infection has occurred with 
pyogenic organisms. 

It may be said then that in epiphyseal tubercu- 
losis there is: 

1. Haziness of articular cortex, in subchondral 

region. 

2. Osteoporosis of the bone from limited use 

due to pain, occurring before destruction. 

3. Bone destruction as manifested by irregular 

areas of disintegration in the cancellous tissue. 

4. Ultimate repair months or years later by 

fibrous tissue; very little if any manifesta- 
tion of new bone formation. 


TUBERCULOUS ARTHRITIS: While tuberculous 
arthritis occurs by extension from epiphyseal in- 
volvement in a large majority of instances, there are 
undoubtedly instances of tuberculous infection of 
joints which are primarily synovial. The manifesta- 
tions of tuberculous arthritis is taken up in greater 
detail in the chapter on arthritis. 


DIAPHYSEAL TUBERCULOSIS (Fig. 81B and C). 
In infants and very young children, before the epiphy- 
seal centers are well established, tuberculosis often 
attacks the diaphyseal structures or shafts of the 
bones. The short bones of the hands and feet are 
most frequently involved giving rise to tuberculous 
dactylitis or spina ventosa tuberculosa. It may take 
on a multiple cystic appearance as described by 
Jungling. 

In this location the picture is quite character- 
istic. When the disease involves the diaphysis of the 
long bones it presents a more varied appearance. In 
the long bones of infants it has a tendency not to re- 


main confined to the medullary canal (as in dactylitis), 


but to involve the subperiosteal layer of the perios- 
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teum, giving rise to periosteal reaction which may 
serve to confuse the picture. 


Roentgenological analysis of diaphyseal tuber - 


culosis. 


Point of Origin: Medullary canal as indicated 
by the symmetrical central destruction of bone. 


Bone Production or Destruction: there is ex- 
tensive destruction, usually central but only rarely 
is there any evidence of bone production. Occasion- 
ally tuberculous granulations may develop in the sub- 
periosteal region, stripping the periosteum up and 
causing mechanical stimulation of the periosteum. At 
times this may be the most prominent feature of the 
bone lesion giving rise to an appearance as if there 
were a bag-like structure encasing the bone. 


Expansion or Non-expansion: The relentless 
slow growth of tuberculous granulations in the medul- 
lary canal destroys the cancellous bony structures 
and soon exerts pressure on the cortex of the bone. 

In children the bony structures are less firm, yielding 
to pressure, with resulting thinning of the cortex and 
expansion of the bone. The shaft changes its normal 
slender appearance to that of a thin-walled fusiform 
expansion. This is thought by some to be due toa 
histamine-induced hyperaemia which in turn causes 
decalcification causing the bone to become soft per- 
mitting it to accommodate itself to its central granu- 
lomatous mass. The appearance is similar to that of 
a slow-growing central neoplasm with the exception 
that usually the entire shaft is involved and frequently 
there is multiple bone involvement. 


Condition of the Cortex: The cortex is thinned 
from central pressure and may even after a prolonged 
period be broken through, but this is usually in nu- 
merous places, not ina single location as it is in 
malignant tumors. 


Invasion or Non-invasion: There is no true in- 
vasion of the soft parts, since it is not a neoplastic 
growth; the soft tissues are only involved by fistulous 
tracts which form to discharge the infectious mate- 
rial. These alone are so characteristic of the condi- 
tion that they usually serve to establish the diagnosis. 


METAPHYSEAL TUBERCULOSIS (Fig. 81D) 
(Multiple Cystic Type) (Alexander and Mansuy). In 
the metaphyseal regions, the mode of infection is 
believed to be by way of the end arteries and the 
pathological process is essentially different; the 
character of the bony tissue in this region gives rise 
to different cancellous character of the bony struc- 
ture and the relatively thin cortical structure per- 
mits easier destruction of the bony tissue and less 
likelihood of expansion. The character of the circu- 
lation makes local occlusion possible. As a result 
cone-shaped areas of destruction occur, finally be- 
coming rounded and cystlike with occasionally tiny 
sequestra, but these are usually quickly destroyed 
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leaving only the punched-out appearance. Any of the 
other elements of bone reaction may also be present 
depending upon the circumstances and degree of in- 

volvement of the various bone elements. 

The process may spread to involve the entire 
length of the bone. Vastine and Bacon describe it 
as follows: 

“Cystic tuberculosis of bones in children is due 
to dissemination of tubercle bacilli through the blood 
stream. Large cystlike formations involve the 
bones. In the roentgenogram rarefaction originates 
in the marrow which may be single or multiple. The 
process may appear diffusely through the entire bone 
Or may appear as circumscribed rarefactions in 
certain sites of predilection. In the diffuse type the 
cortex and medulla cannot be differentiated. The en- 
tire bone is characterized by weblike structure of 
increased density. This is the initial stage and rep- 
resents the more acute process.” 

Where no secondary infection is present, there 
is only moderate sclerosis of the bone. The circum- 
scribed type is characterized by a round rather 
smoothly outlined, punched-out area of decreased 
density. The cortex is a paper-thin shell. There may 
be a faint ring of sclerosis about these cystic areas 
or a clear-cut margin with no alteration in the density 
of the surrounding bone. This type represents a heal- 
ing stage and these cysts may proceed without appre- 
ciable change “for a long time or may progress to 
abscess formation with eventual sinus formation.” In 
rare instances, such cystic areas of destruction may 
appear throughout the entire shaft of a bone (F. Ziady 


| and G. Selzer). 


INFECTIONS OF BONE 


"“SPONDYLARTHRITIS." (Osteomyelitis of 
Spine) (Saenger). This condition, occurring in infants 
and young children, is characterized by insidious 
onset, slowly progressive over a one or two months’ 
period, finally healing in from two to eight months, 
with restoration to normal in most cases. It gives 
the impression of a low-grade type of infection. 

Roentgenographically it is characterized by 
marrowing of the intervertebral discs and some scle- 
rosis of the adjacent margins of the vertebral bodies. 
It may closely resemble tuberculous spondylitis from 
which it must be differentiated; in this condition, 
however, the dissolution of the cartilage and sclerosis 
develop much more rapidly (Guri). 


-PERIOSTITIS DEFORMANS. Periostitis De- 
formans is a condition described by Sorians,as a 
hyperostosing disease characterized by superimposed 
periosteal layers of periosteal involving chiefly the 
phalanges. The appearance is not unlike syphilitic or 
tuberculous dactylitis. The-condition appears to run 
a definite course subsiding after a period of months 
ora year. The roentgenographic findings four ap- 
pearances: 

a) periosteal thickening covering the bone with 
exhuberant bony growth through which the 
shaft can usually be visualized, 

b) osteophytes or osseous nodules, 

c) periarticular osteophytes, 

d) alterations in the osseous tissue with diffuse 
bony condensation, followed by osteoporotic 
zones invading the entire bone. 

There may be some connection of this condition 

with toxiallergic action of tuberculosis, affecting only 
susceptible individuals. 


TUBERCULOSIS IN SPECIAL LOCATIONS; 
SPONDYLITIS 


Tuberculous spondylitis (Fig. 81E). The most 
frequent site of involvement with bone tuberculosis 
is the spine. The infection attacks the vertebral 
body in very much the same manner as it does can- 
cellous bone structure elsewhere. Tuberculous in- 
fection invades the cancellous structure causing 
necrosis of bone with spread to the intervertebral 
cartilaginous disc and causes its ultimate destruction 
also. The articular processes are composed of den- 
ser more compact bone; they are rarely involved, 
remaining as buttresses in supporting the spinal 
column. The weight of the body exerted upon the 
diseased vertebra causes collapse with resulting 
wedge-shaped deformity; compression of the vertebra 
may cause a greater compactness of the unabsorbed 
lime salts giving a roentgenographic picture simulat- 
ing bone sclerosis. The angulation produced by the 
collapse of the vertebral body results in kyphotic de- 
formity and prominence of the spinous process of the 
involved vertebra. The two other conditions most 
likely to be confused with tuberculous infection of the 
Spine are compression fracture of the vertebral body, 
and metastatic malignant involvement. Tuberculosis 
destroys the intervertebral disc while in both of 
these other conditions, the disc is preserved; in com- 
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pression fracture the disc is elastic and returns to 
normal after trauma, while metastatic malignant in- 
volvement destroys the cancellous bone but does 

not affect the cartilage. Large venous sinusoids 
traverse the middle of the vertebral body, the de- 
crease in density which marks their passage must 
not be confused with actual bone destruction, 
(Wagoner and Pendergrass). 

Modern methods of examination with the tomo- 
graph may lead to earlier diagnosis of the tuberculous 
involvement and thereby shorten the course and se- 
verity.of the disease as pointed out by Perroy and 
Mestre. 

The tuberculous infection is confined by strong 
ligaments and heavy muscles and the bulging shadow 
of a paravertebral abscess can be seen clearly in 
the roentgenogram. If the involved area is below the 
10th thoracic vertebra bulging of the psoas muscle 
may be present indicating a psoas abscess. By this 
means the infection may be spread to adjacent verte- 
brae, or distant vertebrae may be involved by blood 
Stream inoculation. With fixation by plaster jacket 
or fusing operation, the process may heal and the 
patient recover. 


Certain unusual cases of tuberculous spondylitis 
have been reported without destruction of the disc 
with “sclerosis” of the vertebra. It is possible that 
this might be of the type of metaphyseal involvement 
seen in the long bones with cystic involvement 
(Auerbach and Stemmerman; and Poppe}, et al.). 

Rare cases of psoas abscess have been reported 
due to pure staphylococcus infection without tubercu- 
lous involvement, (Zadek). 


Tuberculosis of the Carpal Bones (Fig. 81F). 
Involvement of the bones of the wrist is very rare but 
the bone which is occasionally involved is the os 
magnum. The process is essentially similar to that 
seen in other bones except that being almost entirely 
surrounded by articulating surfaces, the involvement 
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Fig. 81F 


is almost complete. The outline of the entire bone 

becomes hazy, this is followed by osteoporosis which 
further serves to obliterate the bony outline. Finally 
destruction occurs, sinuses may develop and a long- 
drawn-out process ensues. If recovery occurs with- 
out operative procedure, ankylosis may be expected. 


Tuberculosis of the Tarsal Bones (Fig. 81G). 
Any of the tarsal bones may become involved, but the 
most common site of the disease is in the cancellous 
structures of the os calcis. Although the articular 
surface may become involved, the disease may re- 
main confined to the body or tuberosity of the bone 
assuming more the cystic type similar to that seen in 
metaphyseal involvement. In this region especially, 
compression of the partially destroyed bone may, 
through a greater compactness of the unabsorbed lime 
salts, give an impression in the roentgenogram of 
sclerosis of the bone surrounding the destructive area. 


Cystic Tuberculosis of Flat Bones: The cranial 
bones are most frequently involved. The condition is 
extremely rare, being confined almost entirely to in- 
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fants and young children. Tuberculous involvement 
of these bones takes on a much different picture from 
that seen in long bones. The infection starts in the 
middle table in the diploetic structure (Erdheim). It 
spreads to the adjacent portions of the inner and 
outer tables producing rounded areas of destruction. 
The hole in the inner table is usually somewhat larger 
than that in the outer table so that on roentgen ex- 
amination the margins of the destroyed areas present 
a fringelike appearance of lessened density. Imme- 
diately beyond this the bone may present a sclerotic 
appearance. New areas of involvement may extend 
out from the margins of the destroyed areas. 

In differentiation from other diseases the con- 
dition resembles luetic osteitis from which it may 
be most difficult to differentiate roentgenographically. 
The punched-out areas of Schliller-Christian's dis- 
ease are clear cut and smooth without the ragged 
edges or sclerotic margins. At times, after roentgen 
therapy to Schiller-Christian lesions they may fill in 
at the margins giving a somewhat similar appearance. 
Metastatic carcinoma produces a worm-eaten ap- 
pearance of destruction which is not at all similar to 
this condition; other elements such as age of the pa- 
tient, primary carcinomatous involvement, etc., serve 
to aid in the diagnosis. An interesting survey of the 
modern concept of tuberculous diseases has been 
made by Poppel, et al. 


SPIROCHAETAL INFECTIONS 
SYPHILIS (Lues) OF BONE 

In general it may be stated that syphilis is the 
great bone producer. In every condition in which 
syphilis occurs, there is almost always some mani- 
festation of bone production. Syphilis may be con- 
genital or acquired. Either form may give rise to 
any of the lesions of bone encountered in the disease. 
Naturally the greatest number of cases of congenital 
involvement are in infants or young children. Syphil- 
lis, like other infections, produces different reactions 
during the growth period in children and in adults. . 


CONGENITAL SYPHILIS* (Fig. 82) usually 
manifests itself at or immediately after birth; it 
may disclose itself in two ways, either as, 

1. parallel periosteal reaction involving mul- 

tiple long bones, or 

2. syphilitic epiphysitis and metaphysitis, 

showing bone destruction. 
Either one or the other of these two lesions seems to 
predominate in any given case; where multiple peri- 
osteal involvement occurs, destructive lesions of the 
epiphysis appear to be absent or less prominent; on 
the other hand, when epiphyseal lesions are most 
pronounced, any periosteal reaction will usually be 
confined to the regions immediately adjacent to the 
destroyed areas. Attention has been called to the 
presence of the parallel type of periosteal elevation 
in the long bones of apparently healthy new born in- 
fants. This is especially likely to occur in premature 
infants. It has been suggested that it may be a mani- 
festation of a local exaggeration of the normal ap- 
positional growth of bone. Hancox does not feel that 
it has any relationship to disease. Ordinarily, it 
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INFECTIONS OF BONE 


roportions to the clinical manifestations of the 
Fieease (Fig. 84C). Upon this point alone the dif- 
ferential diagnosis may rest. Clinically the pa- 
tient may not seem very sick but roentgenograph- 
ically his condition may seem very severe. There 
is usually a greater amount of bone production 
and less actual bone destruction than in pyogenic 
osteomyelitis. The roentgen characteristics, 
therefore, are similar to osteomyelitis of pyogenic 


origin: 
1. Central or medullary origin. 
2. Bone production and destruction occurring 
at the same time. 
. No true expansion of shaft. 
. Breaking through cortex with good bone in 
between. 


hm od 


5. No invasion of soft parts as by a tumor mass. 


(D) SYPHILITIS EPIPHYSITIS is a congenital 
manifestation of the disease and has been fully dis- 
cussed under that heading. 


(E) SYPHILITIC ARTHRITIS will be taken up in 
detail in the chapter on Arthritis. 


YAWS 


Yaws is a tropical disease caused by the Tre- 
ponema pertenue, rarely seen in the United States. 

It may affect any or all of the bones of the body. 
It shows itself roentgenographically as a low-grade 
osteomyelitis usually originating in the medullary 
canal, The cortex is thickened and the periosteum 
may be stripped up from the bone. Two types are 
described: 

1. The more active type in which there is de- 
struction of cortex with or without periosteal repair 
due to the fact that the periosteum may be destroyed, 
resulting in cavities within the cortex, often just be- 
neath the periosteum. 

2. A more chronic form in which rounded vacu- 
oles appear in the bone. These vary in size from 
1mm. to 2 or 3 cm. in diameter. There may be con- 
siderable deformity of the shaft. 

The process may attack articular surfaces, 
causing erosion of the bone beneath the cartilage. 
Roentgenographically the diagnosis can rarely be 
made except in regions where the disease is preva- 
lent. 

Blewett has presented an excellent description 
of bone lesions in yaws from Jamacia showing very 
Similar findings in all of 12 patients: 

1. Bosses or localized enlargements of can- 
cellous bone up to 5 cm. in diameter. 

2. Diffuse expansion of the shaft of a long bone. 

3. Patches of superficial but chronic peri- 
ostitis. 

4. Dense inactive periostitis causing thicken- 
ing of the cortex and irregularity of its outline. 

5. Patchy erosion of cortex and medulla. Due 
to a spirochaete morphologically indistinguishable 
from syphilis. Has a positive Wasserman. Severe 
residual defects of the cardiovascular and nervous 
system are absent. 
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FUNGUS INFECTIONS OF BONE 
ACTINOMYCOSIS 


Actinomycosis is a disease caused by the 
streptothrix actinomyces or ray fungus, occurring 
in the United States, especially in the upper 
Mississippi Valley. Infection with this organism 
causes “lumpy-jaw” in cattle. It is believed that 
the organism may be frequently harbored about the 
teeth and tonsils and that it need not be contracted 
by chewing grass or straw. It is a chronic infec- 
tious disease characterized by suppurative lesions 
in the soft parts; when the infection spreads to in- 
volve the bone it produces a localized osteomyelitis 
similar to that caused by pyogenic infection. “Sul- 
phur granules” occurring in the discharge are almost 
pure colonies of the organism; final diagnosis must 
be made by their detection. 


Clinical Manifestations and Roentgenological 


Characteristics. This disease occurs most frequently 
in young adults--males predominate. It may involve 
the mandible, long bones or spine although any of the 
bones of the body may be involved. 

The clinical manifestations vary according to 
location of involvement. 

When it involves the jaw, there is enlargement 
from brawny edema and fibrosis of the tissues of the 
mouth and tongue (wooden tongue). Pain may be 
slight, especially at the onset, or may become very 
severe when the disease is well advanced. 

The mandible is usually involved by spread of 
the soft-part infection, causing a localized osteo- 
myelitis. The roentgenographic appearance may be 
indistinguishable from pyogenic osteomyelitis or 
other types of mycotic infection. There is destruc- 
tion of the bone often with rounded circinate border, 
with sclerosis and increased deposit of lime salts 
near the margin of the destroyed area. Periosteal 
reaction is usually not very pronounced when the 
mandible is involved unless secondary infection by 
pyogenic organisms is present. When the long bones 
are involved periosteal reaction may be prolific 
even resembling sarcoma. A rather characteristic 
“lumpy” appearance of the adjacent soft parts may 
lead to the suspicion of the type of infection but dif- 
ferential diagnosis is usually dependent upon find- 
ing the characteristic organisms in the pus. 

When the spine is attacked, two patterns of re- 
action are recognized, (Bayling and Wear). If pri- 
mary in the vertebrae, a “soap-bubble-like appearance 
develops showing multiple small areas of rarefaction 
surrounded by zones of normal or dense bone. Para- 
vertebral soft tissue swelling is present along the in- 
volved segments or beyond. Or, if spinal involvement 
is secondary due to spread from abdominal infection 
a totally different picture is produced; intense scle- 
rosis develops with long spur-like projections run- 
ning longitudinally along the spine bridging across 
the vertebrae. Eburnated bone, changes the lateral 
margins of the vertebrae into a bridge replacing the 
fine trabecullar pattern into sclerotic bone. Any de- 
struction which may be present is overshadowed by 
bone production. Collapse of the vertebral bodies 
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and narrowing of the discs is only slight. At opera- 
tion granulomatous masses not unlike tumors are 
found which may be difficult to differentiate from 
new growth. Sinus tracts may be present. 


BLASTOMYCOSIS OF BONE 


Primary bone lesions of blastomycosis are 
almost certainly hematogenous in origin with un- 
known portal of entry. Bone involvement occurs 
most frequently as part of a systemic infection. 
Clinically and roentgenologically it resembles 
tuberculosis. 


Clinical Manifestations. Sudden onset with 
pain, worse at night, is a constant early symptom. 
There is little or no elevation of temperature unless 
the bone involvement is a part of a systemic infec- 
tion. At the onset involvement of the long bones 
resembles ordinary acute pyogenic osteomyelitis 
except for the mild febrile reaction and absence of 
leukocytosis. Without cutaneous lesion there is 
no hint as to the type of infection. Later the 
persistent sinuses following spontaneous or surgi- 
cal drainage, together with X-ray findings and 
identification of the organism, clinch the diagnosis. 
Coccidioidal granuloma can only be differentiated by 
laboratory methods. Due to the chronic course, it 
may resemble tuberculosis with associated pyogenic 
infection. 


Pathological and Radiological Characteristics. 
Early lesions in the long bones may show perios- 
titis or central necrosis alone or in combination. 
Multiple adjacent foci usually coalesce. 

The one more or less constant feature of 
the roentgenologic findings is the presence of a 
sharp line of demarkation between the involved 
areas and the adjacent normal-appearing bone. In 
the short bones, single or multiple areas of com- 
plete destruction may be seen involving chiefly 
the central portions of the bones. If close to the 
articular surface, a thin shell of bone may remain 
beneath the cartilage or the joint may be com- 
pletely destroyed. 


When the spine is involved it resembles tuber- 
culosis most effectively. There is destruction and 
collapse of one or more vertebral body, with narrow- 
ing of the disc with little if any bone production. 
There is paravertebral abscess formation which 
dissects under the spinal ligaments, (Reeves and 
Pedersen). 


MADUROMYCOSIS 
MYCETOMA - (MADURA FOOT) 


A chronic diffuse infiltration of tissues (usually 
of a foot) by one of several varieties of the ray fungus. 
In the characteristic advanced form, the foot is tre- 
mendously swollen and has many sinuses. The uni- 
versal permeation of tissues may leave the foot dif- 
fusely destroyed and the bones barely visible in the 
roentgenogram. The roentgenographic appearance 


PRINCIPLES OF ROENTGEN INTERPRETATION 


resembles that of actinomycosis. 

There areareas of bone destruction and large 
areas of shaggy new bone formation. The roentgeno- 
graphic appearance is not characteristic, and the 
final diagnosis can only be made by microscopic ex- 
amination, (Carroll). 


COCCIDIOIDAL GRANULOMA—OF BONE 


Coccidioidal granuloma is due to an infection 
with Oidium Coccidioides normally found in the 
soil, (Carter). The disease is most prevalent in the 
San Joaquin Valley, California, but in recent years 
it has spread to Southern Texas and adjacent areas. 
Clinically it is usually present in the skin and 
soft parts and when bone involvement occurs it is 
usually due to spread of the soft part infection or 
to inoculation through the blood stream. Clinical- 
ly it is thought that the condition presents two 
phases; a primary phase of lung involvement 
characterized by a mild “influenzal” attack possi- 
bly associated with “erythema nodosum” which 
goes on to recovery within a few weeks. This is 
followed by a secondary granulomatous stage 
which may come on at an irregular interval, in- 
volving various bones of the body. Only a small 
percent develop the secondary stage, (Benninghoven 
and Miller). 

Involvement of all of the bones of the body, 
with the exception of the facial bones, has been 
described. When the long bones are involved, the 
infection has a predilection for bony prominence. 
When the spine is involved, the disease affects 
bodies, arches, processes alike, showing no 
preference. Depending upon the manner of spread 
of the infection, the point of origin when the bone 
is involved is either peripheral, in the case of 
direct extension from infection of the soft parts, 
or central, as occurs when inoculation is into the 
bone by way of the blood stream. The reaction 
in bone is predominantly destructive; the margins 
of destroyed area may be punched out or may ap- 
pear rather diffuse. They are usually multiple 
and have a tendency to involve bony prominences 
about the joints, although they may be either epi- 
physeal or diaphyseal in location. Except in the 
bones of the hands and feet, they seem to prefer 
cancellous bone. Areas of bone destruction in 
skull involvement may show their greatest diam- 
eter at the periphery in the outer table. When 
the lesion is near a joint, a plate of bone often 
remains between the destroyed area and the 
joint; the cartilage is not destroyed as consistent- 
ly as in tuberculosis. 

The degree and character of bone production 
is variable; in many instances no bone production 
is present at all, even after long chronic involve- 
ment. Bone production may occur, however, as 
periosteal new bone formation or bone sclerosis 
about the lesion; this is most marked after opera- 
tive interference or secondary infection. In any 
event it is slow in formation and unlike osteo- 


myelitis only occurs late in the disease; it may 
be shaggy in type, showing spicules radiating into 
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the tissue. 

Joints are usually involved from adjacent in- 
fection of bone or soft parts. Under exceptional 
circumstances infection may be primarily in the 
joint itself. The earliest manifestation may be 
merely increase in synovial fluid in the joint. 

The clinical findings may precede any roentgen 
manifestation; in any event the roentgen findings 
are not characteristic of the disease. Owing to 
its chronicity, the condition with which it is most 
frequently confused is tuberculous arthritis. In 
this regard it must be said that joint involvement 
is exceptional. There is no evidence in this 
disease of selective destruction of noncontacting 
cartilages, or selective preservation of weight- 
bearing cartilages; there is no tendency to erosion 
of the articular cortex beneath a preserved car- 
tilage with formation of so-called “Kissing Se- 
questra” as described in tuberculous arthritis. 

The diagnosis must be ultimately made by 
microscopic examination. 


Disseminated Granuloma Inguinale has been re- 
ported, (Rhinehart and Bauer) throughout the long and 
short bones of the body without evidence of sclerotic re- 
action. The changes resemble those seen in meta- 
static malignancy and are not specific for the condi- 
tion. In association with a genital lesion, such 
multiple osseus lesions should be suspicious of 
spread of the disease. Biopsy with demonstration 
of DONOVAN bodies is necessary to establish the 


diagnosis. 


TORULA (Cryptococcus), (Carter). Torula in- 
fection seems to have a great predilection for skin, 
meninges, and the lung structures. Very rarely does 
it affect bone; when it does it is usually due to direct 
extension from some other pre-existing lesion else- 
where in the body. 

A granulomatous mass develops in the cancel- 
lous tissue at the end of a long bone, and spreads to 
involve the joint, causing bone destruction with or 
without bone sclerosis. Its extremely invasive char- 
acter is a characteristic of all fungus infections. 

One rather striking characteristic is its extension to 
the skin presenting numerous ulcerations and sinuses. 
When the skull is involved it produces punched out 
areas of destruction. Potassium Iodide therapy usu- 
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ally cures the disease unless meningeal infection de- 
velops. Healing of the local lesion may be accom- 
panied by ankylosis if the joint cartilage is destroyed. 


PARASITIC INFECTIONS 
Ecchinococcus Cyst of Bone 


Bone involvement occurs in less than 1% of the 
cases of ecchinococcus disease. The condition is 
very uncommon in the United States. Kedishes has 
recently reported the disease in Russia. 

Fig. 117. Infants hips at age of 18 months. The 
right hip is subluxated and lies lateral to the V line 
but inferior to Y line. Compare size and shape of 
femoral heads. The acetabular angle on right is 
50°, on the left 22°. This is a hip dysplasia with 
lateral dislocation. Weight bearing will eventually 
cause a complete dislocation of the right hip.-- 
Redrawn with permission of Martin, H. E. Fig. 3, 
Radiol. 56:842, 1951. 


Clinical Manifestations. The development in 
bones is slow, insidious, and latent. Pain occurs only 
late in the disease and usually follows some compli- 
cation, usually a fracture or infection; it is usually of 
an intermittent character. Pathological fracture may 
occur, There is usually a large palpable fluctuating 
tumefaction in the region of the bone involvement. 


Pathological and Roentgenological Findings. 


1. Early in the disease there are one or many 
small cystic areas of destruction like bunches of 
grapes--rounded, punched out, sharply outlined. 

2. But without periosteal reaction or condensing 
osteitis at the periphery--no new bone formation. 

3. Later the bony enlargement may become per- 
ceptible or palpable, with fusiform expansion. The 
bony swelling has a typical areolar appearance infil- 
trated by large cavities of more or less irregular 
contour but discrete. 

4. The cortex is reduced to a shell under the 
periosteum which may be broken through spontaneously. 

The picture resembles cystic osteitis from an 
anatomical standpoint. Diagnosis from the roentgeno- 
gram alone is difficult and frequently impossible. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 
QUESTIONS ON INFECTIONS OF BONE 


Questions marked with a dagger deal with rare and less-important conditions. 


. What two general types of osteomyelitis are recognized? 
. How does infection gain access to the bone in the medullary type? In the localized type? 
. What are the clinical manifestations of osteomyelitis? 


. How long an interval of time may elapse before osteomyelitis gives evidence in the roentgenogram? 


Where are the first manifestations of infection most frequently found? 


. Show by diagram how the infection spreads and how it gives rise to the roentgenological manifestation 


of the disease. 


. Using the scheme of bone analysis, indicate the roentgenological manifestations of osteomyelitis 


when untreated by drugs. After use of chemotherapy. 


. What is meant by involucrum? By sequestrum? By cloaca formation? 
. Describe the roentgen findings in the subperiosteal type of osteomyelitis. To what are they due? 


. What are the roentgen manifestations of acute (nontuberculous) epiphysitis? 


How does the localized, direct-extension type of osteomyelitis differ from the deep medullary type? 
What is meant by Brodie’s abscess and what are its clinical and roentgen manifestations? 


How does tuberculous infection manifest itself in the diaphysis? Is diaphyseal tuberculosis a common 
or rare occurrence? Describe epiphyseal involvement. 


What is spina ventosa tuberculosa? How does it differ from spina ventosa syphilitica? 
What predominating characteristic is present in all types of syphilitic bone involvement? 


Describe roentgen appearance of syphilitic: periostitis, osteitis, osteomyelitis, epiphysitis, gumma, 
and arthritis. 


What are the roentgen manifestations of Garré’s nonsuppurating osteomyelitis ? 
What is infantile cortical hyperostosis and what bones does it usually involve? 


What are the roentgen manifestations of chronic fungus infections? Can they be differentiated from other 
types of chronic pyogenic infection roentgenologically? How can the diagnosis be made? 


What are the roentgen manifestations of coccidioidal granuloma? What geographical locality is the 
source ‘of such infections? 


What are the roentgen manifestations of torula infection in bone? 
How is infection with ecchinococcus cysts manifested? 


What are the roentgen manifestations of yaws? 


DISEASES OF BONE (Continued) 
GLANDULAR AND METABOLIC DISTURBANCE (Chapter VII) 


Influencing Bone Growth 


A. Thyroid 
1. Hypothyroidism—Cretinism 
2. Hyperthyroidism 


B. Gonads 
1. Hypogonadism 
Post menopausal osteoporosis 
2. Hypergonadism 


C. Pituitary 
1. Anterior Lobe 
a. Deficiency 
b. Hyperfunction—Acromegaly 
2. Pituitary Disease—Adenomata 
a. Chromophobic 
b. Eosinophilic 
c. Basophilic 


Influencing Bone Structure 


D. Thymus 

Defects in mesenchymal development 

I. Osteogenesis Imperfecta, (Fragilitas Ossium; Periosteal Aplasia) 
a. Congenita 
b. Tarda 
c. Idiopathic Osteopsathyrosis 

Defects in chondro-osteal development 

1. Achondroplasia, (Chondrodystrophia Foetalis) 

2. Dyschondroplasia (Ollier’s Disease) 

3. Diaphyseal Aclasia, (Multiple exostoses) 

4. Dyschondroplasia with hemangiomata, (Maffucci’s Syndrome) 

5. Chondroosteodystrophy, (Morquio-Brailsford Disease) 

6. Chondrodystrophic Calcificans Congenita; (Punctate Epiphyseal Dysplasia; Stippled Epiphyses) 

7. Thiemann’s Disease 


E. Parathyroid 
1. Hyperparathyroidism (Von Recklinghausen’s Disease) 
2. Osteitis Fibrosa (Cystica) 
Generalized 
Localized 


F. Other Diseases of Unknown Etiology 
1. Fibrous Dysplasia of Bone 
Polyostotic 
Monostotic 
. Looser’s Transformation Zones, (Pseudo Fractures), Vascular Erosion 
Osteitis Deformans, (Paget’s Disease) 
Ivory Vertebra 
Leontiasis Ossea 
. Osteopetrosis, (Marble Bones—Albers-Schonberg’ s Disease) 
Osteopathica Hyperostotica Sclerotisans Multiplex Infantilis, (Engelmann’s Disease), 
Progressive Diaphyseal Dysplasia 
. Osteopoikilosis 
. Tuberous Sclerosis of Bone 
. Familial Metaphyseal Dysplasia 
- Hyperostosis Corticalis Deformans Juvenilis 


jad 


G. Lipoid Granulomatosis of Bone - Xanthomatosis 

. HAND-SCHULLER-CHRISTIAN’S DISEASE 

. LETTERER-SIEWE’S DISEASE 

. EOSINOPHILIC GRANULOMA 

. GAUCHER’S DISEASE 

NIEMANN-PICK’S DISEASE 

. GARGOYLISM (HUNTER-HURLER DISEASE) 


on hm 9 DS 
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Chapter VII 


GLANDULAR AND METABOLIC DISTURBANCES 


There can be no doubt of the influence of the 
endocrine secretions on certain features of bone 
growth and metabolism. The functions of the various 
endocrine glands are so complexly interrelated, how- 
ever, that it is difficult to determine the specific ef- 
fect of any particular secretion on bone metabolism 
or growth. Certain outstanding examples, however, 
serve as a guide to the effect of various endocrine 
secretions on bone, (Clark). 

The various disturbances in bone growth have 
been considered as definite disease entities in order 
to more clearly elucidate the subject; that these con- 
ditions overlap in many respects will be evident as 
the subject is pursued. Sears has correlated and dis- 
cussed the various bone dystrophies in a very inter- 
esting manner. 


THYROID. “The thyroid has little or no pri- 
mary action on the rate of growth but profound influ- 
ence on differentiation of bone tissue.” Growth may 
proceed for a time in absence of the hormone, but 
tissue differentiation is delayed and osseous nuclei 
are late in appearing. Such retardation in epiphyseal 
development is seen in cretinism; generalized retar- 
dation may lead to dwarfism. __ 

When they do appear they may be irregular and 
fragmented. The best method for determining the 
cause of their delay in development is to observe 
their response to the administration of thyroid medi- 
cation. 

Conversely, under the influence of increased 
thyroid secretion, there is an increase in differenti- 
ation of bone tissue, and an increase in the ossifica- 
tion of epiphyses and osseous tissue differentiation. 
A number of bone dyscrasias have been attributed to 
malfunction of the thyroid gland, especially chondro- 
dystrophia foetalis. 

Extreme hypothyroidism may result in decalci- 
fication of the bones. Ordinarily this is merely of 
osteoporotic variety but if the decalcification is 
rapid, all of the changes of osteitis fibrosa cystica 
may be present and the condition may resemble hy- 
perparathyroidism. Under these conditions the dif- 
ferential diagnosis will depend upon the blood analy- 
sis; in hyperthyroidism the calcium-phosphorus ratio 
is normal, whereas in hyperparathyroidism there are 
high calcium and low phosphorus values. 


GONADS. “The effect of the gonads on skeletal 
development is said to be due to the elaboration of 
sex hormone, a product of interstitial cells. No one 
fully understands the exact mechanism controlling 
epiphyseal closure, but there is reason to believe the 
gonads are deeply concerned in the process. In case 
of sexual precocity, the epiphyses unite long before 
the normal time. Conversely, if the gonadal function 
is impaired or lost during childhood or adolescence, 
the epiphyses remain open, growth continues beyond 
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the normal time and eunuchoid gigantism results. 
The pituitary-gonad-thyroid interrelation introduces 
many ramifications of thought relating to epiphyseal 
closure, and a diversity of opinion exists. Until fur- 
ther evidence is offered, it will simplify matters to 
regard epiphyseal closure as predominantly a func- 
tion of sex hormone.” 

Post-menopausal osteoporosis is a condition in 
which an extreme degree of osteoporosis develops 
after the menopause, presumably from lack of gonadal 
secretion. There is a deficiency in the organic ma- 
trix of bone from lack of osteoblasts or deficiency of 
protein to lay down in the matrix. It does not differ 
from osteoporosis from other cause, except that it 
involves all of the bony structures and attains a 
severe degree. In osteomalacia the alkaline phos- 
phatase is usually high; in ordinary senile osteo- 
porosis it is usually normal, never elevated. It is 
usually impossible to cause redeposition of calcium 
salts in the weakened bony structures by any means. 

Hypergonadism is very rare. It results in 
sexual precocity and rapid growth. It is character- 
ized by early appearance of the epiphyses (due to the 
thyroid influence), rapid bone growth (due to the in- 
fluence of the pituitary), and early closure of the epi- 
physes (due to excess sex hormone). 

Though there is rapid early growth, early clo- 
sure of epiphyses results in a shorter stature. 


ADRENAL. “Adrenal cortex tumors result in 
the same clinical picture as basophilic adenomas of 
the pituitary (Cushing's Syndrome), and certain tu- 
mors of gonadal origin; pseudohermaphroditism 
(hypertrophy of the clitoris and stenosis of the vagi- 
na), pubic hair and deep voice. There is early ap- 
pearance of increase in development of all ossifica- 
tion centers, but these do not show premature closure. 

“In the absence of tumor, the effect of the 
adrenal, if any, on skeletal growth, remains unknown.” 

Precocity of bone growth also occurs in adrenal 
hyperplasia. 


THYMUS. No known definite effect on skeletal 
growth; it is thought by some that it has an inherent 
effect upon the development of mesenchymal tissue as 
indicated in the number and function of the osteo- 
blasts. 


PARATHYROID. Parathyroid hormone has no 
direct effect on bone growth except tts influence on 
fixation and mobilization of calcium. 


PINEAL. Has no known effect. 


PITUITARY. The pituitary is considered as the 
pacemaker for the other endocrine glands. Many hor- 
mones are elaborated in the pituitary; there are three 
most concerned with bone growth. 
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1. Growth hormone of the pituitary gland, which 
probably is elaborated by the acidophilic cells of the 
anterior lobe, plays a major role in controlling rate 
of bone growth. Decreased pituitary secretion pro- 
duces dwarfism (asexual ateleiosis; Lorain type of 
infantilism). Increased pituitary secretion produces 


increase in bone growth, especially the long bones; if 
this occurs before epiphyseal closure, gigantism re- 


sults, whereas if it occurs after epiphyseal union, 
acromegaly occurs, It has little effect on the rate of 
appéarance or closure of epiphyseal centers. 

2. Thyrotropic principle (of the pituitary gland) 
is presumably derived from the alkaline fraction of 
the anterior lobe. “It is closely allied to the growth 
hormone and serves as a connecting link between 
pituitary and thyroid. Pure excess or deficiency 
would theoretically have the same effect on skeletal 
development of hyperthyroidism and hypothyroidism 
respectively.” 

3. “Gonadotropic principle (of the pituitary 
gland) is probably elaborated by the basophilic cells 
of the anterior lobe and serves as a connecting link 
between pituitary and gonad. While it probably has no 
direct action on skeletal development, it has an im- 
portant secondary effect through its influence on de- 
velopment and function of the gonads.” 


ACROMEGALY"“(Fig. 86B). Acromegaly is a 
disease which is due to the hyperfunction of the ante- 
rior lobe of the pituitary gland. It is characterized 
by a general overgrowth of the skeletal system in in- 
dividuals past adolescence. If increased function 
occurs before closure of the epiphyses, there is 
stimulation of their growth, and gigantism results. 
The epiphyseal structures appear at their normal 
time and unite at their normal time; there is merely 
excessive growth due to stimulation of growth hor- 


mone; it may result from an eosinophilic tumor of the 


pituitary or merely from hyperplasia of eosinophilic 
cells. 





CLINICAL AND ROENTGEN FINDINGS. This 
condition usually develops in adult life, but occasion- 
ally occurs at an earlier period. It is seen with 
about equal frequency in both sexes. There is a gen- 
eral increase in size of the entire skeleton; the tex- 
ture of the bone becomes coarse and thick. The head 
becomes larger, and is elongated in the anteroposte- 
rior diameter; the frontal bone becomes prominent 
and the sinuses become large. The sella turcica is 
usually enlarged. The most prominent bony enlarge- 
ment is seen in the lower jaw; the mandible protrudes 
far beyond the upper jaw so that normal dental occlu- 
sion is interfered with. Elongation and widening of 
the vertebral bodies is noted due to periosteal appo- 
sition. The extremities become thickened and en- 
larged; this is especially noticeable in the bones of 
the hands, which become broad and thick, with tufting 
of the terminal phalanges and clubbing of the fingers, 
giving rise to the so-called * spade hand”. Moore 
has observed a series of acromegalic patients having 
thyroid toxicity and hyperostosis of the skull which 
he has observed closely and for which he proposes 
the name, Troell-Junet Syndrome. In his book 
“Hyperostosis Cranii” he has discussed the thicken- 
ing seen on the skull. 

Steinbach, et al. have made a painstaking re- 
port on acromegaly. 

Acromegaly is the result of increased secre- 
tion of growth hormone by a benign or, rarely, a 
malignant tumor of the anterior pituitary occurring 
during or after closure of the epiphyseal cartilages. 

Symptoms and signs are due to a) the expansile 





Fig. 86B. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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growth of the neoplasm, b) the elaboration of exces- 
sive quantities of pituitary hormone, and c) the in- 
terference with other normal pituitary functions by 
pressure of the tumor upon the uninvolved portion of 
the gland. 

All the tissues in the body are affected by the 
excessive quantity of growth hormone. In general, 
the response is one of hyperplasia and hypertrophy. 
The bones may increase in size due to accelerated 
endochondral ossification or appositional bone 
growth. In some areas there is increased bone re- 
sorption. 

Some of the changes occurring in the bone are 
similar to those incident to the normal aging proc- 
ess, but are markedly accelerated and greater in 
degree. 

The usual sex differences in the appearance of 
the soft tissues and skeleton are exaggerated by the 
excessive quantity of growth hormone. 

Roentgenologically, the most constant features 
is increase in thickness of the soft tissues of the 
fingers, toes and scalp. This diminishes after suc- 
cessful treatment by irradiation or surgical removal 
of the pituitary gland, but the tissues do not revert to 
normal size. 


PITUITARY TUMORS—ADENOMATA —(See In- 
tracranial Neoplasms) 

The pituitary cells are classified according to 
their staining qualities as follows: 


(A) The chromophobe or chief cells which take 
the stain poorly (52% of the cells). 


(B) The eosinophil cells which have an affinity 
for the acid eosin (37% of the cells). 


(C) The basophil cells which have an affinity 
for the basic stain (10% of the cells). 


Development of adenoma in these cells produces 


different clinical and roentgenological manifestations 
depending upon the cell structure involved, 


(1) The Chromophobe Cell Adenoma is charac- 
ized by formation of a bulky tumor of the pituitary 
which in turn causes both enlargement of the sella 
turcica and hypofunction of the gland from pressure. 
The tumor usually reaches a large size before its 
pressure is manifested. The earliest symptoms may 
be those arising from local pressure of the enlarged 
gland, such as visual defects, headaches, etc. The 
condition of the cells may be likened to the thyroid 
cells in colloid goitre, with myxedema. The chromo- 
phobe seems to be the resting stage of the pituitary 
cell, With the development of hypofunction, other 
clinical manifestations make their appearance. In the 
male there is impotency with testicular atrophy and 
loss of secondary sex characteristics; not infrequent- 


ly there may even be reversion to female characteris- 


tics, In the female there is amenorrhea from lack of 
stimulation of the ovary and consequent failure of the 
follicle to ripen, There may be other findings such 
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as increased sugar tolerance, low blood pressure, 
secondary anemia, obesity and polyuria. 


(2) The Eosinophilic Cell Adenoma makes its 
presence known by the well-known syndrome of acro- 
megaly. The sella turcica may be somewhat enlarged, 
but this is part of a generalized enlargement of the 
entire skeletal system; it never attains a size suffi- 
cient to produce pressure as chromophobic adenoma. 
Kyphosis due to osteoporosis of the spine is usually 
present. A decreased sugar tolerance with glycosuria 
and hyperglycemia is found in a large percentage of 
cases. Masculinization of the female with hypertri- 
chosis of the face, deep bass voice and amenorrhea 
are usually present. Hypertension and atherosclero- 
sis are a part of the picture. Polycythemia may be 
present, connective tissue and fatty tumors are not 
infrequent. 


(3) The Basophilic Type of Adenoma results in 
the syndrome called “basophilism” (Cushing syn- 
drome). The tumor itself is extremely small, never 
exceeding a few millimeters in size and never causing 
pressure enlargement of the sella turcica. This type 
of tumor is characterized by a rapidly acquired, 
usually painful adiposity, confined to the face, neck, 
and trunk, the extremities being spared. There is a 
tendency to become round shouldered, even to the 
point of becoming shorter in stature; this may be 
associated with lumbosacral pains. There is sexual 
dystrophy shown by early amenorrhea in the female 
and ultimate impotence in the male. There is an al- 
teration in the normal distribution of hair shown by 
tendency to hypertrichosis of the face and trunk in 
females, a dusky plethoric appearance of the skin 
with purplish lineae atrophicae, vascular hyperten- 
sion, variable backache, abdominal pains, fatiguabili- 
ty and ultimate extreme weakness. 

It is now known that similar symptoms may be 
produced by hypoadrenalism from tumor of the adrenal 
or thymus. 

In his excellent article Murray states, “Harvey 
Cushing first described (1932) the syndrome of 
obesity, hypertension, weakness and depression of 
sexual function which has since become classically 
associated with his name. The condition was attributed 
by him to overproduction of pituitary adreno-cortico- 
trophic hormone in association with the presence of a 
basophil adenoma. Although he postulated that the 
consequent stimulation of the adrenal cortex resulted 
in endogenous overproduction of the adrenocortical 
steroids, it has since been shown, largely as a result 
of the work of Albright Parson and Bloomberg (1941), 
that the presence of such an adenoma is not essential 
for the development of the syndrome. Primary dis- 
ease of the adrenal cortex itself, either simple hyper- 
plasia or benign or malignant neoplasia, is the more 
common cause, without stimulus from the pituitary.® 

He summarizes his paper as follows: 

“Cushing’s syndrome of obesity, hypertension, 
weakness and depression of sexual function, is asso- 
ciated with overproduction of the adrenocortical 
steroids, particularly cortisone and hydrocortisone. 
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These excess steroids are produced as a result of 
hyperplasia or neoplasia of the adrenal cortex. A 
review of the literature of the radiological changes 
encountered in the skeleton in this condition would 
indicate that the main radiological changes include; 

1. Osteoporosis of a widespread nature, which 
is more easily demonstrated in the axial than in the 
appendicular skeleton. 

2. Pathological fractures, which may occur 
anywhere in the weakened skeletal structures, but 
are most commonly seen in the spine, ribs and 
pelvis. 

3. Abnormal callus formation, having a *cotton- 
wool® appearance, develops round these fractures 
and in particular appears to be responsible for the 
sign of marginal condensation, described in connec- 
tion with crush fractures of vertebral bodies. This 
calcification represents an incomplete attempt at 
fracture healing, associated with inhibition of osteo- 
blastic function by the excess hormones. By analogy 
with the term pseudo-fracture employed in connec- 
tion with osteomalacia, the term pseudo-callus is 
now suggested for this appearance. 

4. Delay in skeletal development is another 
effect of excess hormone production. 

Attention is drawn to the clinical facts that 
(1) pain is often completely suppressed in associa- 
tion with these fractures and (2) a fatal outcome of 
the disease is commonly due to infection. 

Iatrogenic disease of the skeleton resulting 
from adreno-cortical steroid therapy. Steroids were 
introduced for therapeutic use in 1948. The first 
reports of their causation of iatrogenic disease ap- 
peared in 1950 and the radiological literature since 
that time in connection with bone changes is re- 
viewed. The following iatrogenic complications are 
considered. 

1. Cushing’s syndrome, which cannot be dif- 
ferentiated radiologically from that of the natural 
form of the disease, has been frequently described. 
It is liable to occur with a cortisone or cortisone- 
equivalent dosage of 50 to 100 mg a day over periods 
varying from six months to three years. 

2. Osteoporosis, fractures and joint degenera- 
tions may be observed in the absence of the fully 
developed picture of Cushing’s syndrome. Such 
changes may occur after much shorter periods of 
steroid therapy. These fractures exhibited the same 
pseudo-callus formation as that seen in connection 
with Cushing’s syndrome. Associated pain tends to 
be suppressed, or even completely absent, except in 
cases of vertebral compression fractures, where 
girdle pains are common and it is suggested that 
these may be due to secondary nerve root irritation. 
Joint degenerations, in some cases approximating 
in appearance to a Charcot neuropathy, are not un- 
common, particularly in the hips and knees, and 
have been observed as a result of both general 
therapy and local intra-articular injections. They 
are attributed to the improved sense of well-being 
engendered with consequent increase of mobility 
and subjection to greater trauma in absence of the 
warning sense of pain. For some reason, so far 
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unexplained, pain may continue to be suppressed, even 
after withdrawal of therapy. 

3. Bone and joint infections may develop more 
easily and spread more rapidly and more silently in 
the absence of the normal sense of pain and with the 
suppression of the normal reaction of the body to in- 
flammation. Intra-articular therapy carries with it 
another hazard. The introduction of infection is 
dangerous, since symptoms are sometimes suppressed. 
This appears to be less common than with oral therapy, 
but a florid, though painless, infective arthritis may 
lead to a fatal termination. 

4, Delay in skeletal development may also oc- 
cur in children. 

Attention is drawn to the fact that such compli- 
cations are not frequent and that they are not in them- 
selves an indication for the cessation of steroid 
therapy, since many of these effects can be overcome 
by the employment of other protective hormones and 
antibiotic drugs,® (Murray). 

Reversible osteoporosis has been observed in 
a girl who “has had all symptoms of advanced Cush- 
ing*’s disease. Bilateral subtotal adrenolectomy was 
performed in two stages and x-ray therapy was given 
to the pituitary shortly after first operation. The os- 
teoporotic “fish-body® vertebrae resumed their nor- 
mal shape and regained their calcium content. 

Roentgen ray examination does not usually 
show any enlargement of the sella turcica, since the 
tumor is never more than a few millimeters in size. 
In severe cases, however, there is a peculiar soften- 
ing of all the bones, due to calcium salt absorption, 
most pronounced in the spine, pelvis and skull. In 
the spine this may be sufficiently pronounced to cause 
impaction of the vertebral bodies and decrease in 
height. There may be spontaneous fractures. The 
bone changes may suggest hyperparathyroidism. 

Wang and Rubbins have discussed the findings 
in 38 cases of this disease stressing their similarity 
to hyperparathyroidism,. Sissons in a study of 4 such 
cases has concluded that the osteoporosis in this con- 
dition is due largely to interference with the prolifera- 
tion of osteoblasts and cartilage cells and with their 
formation of new bone in the presence of a normal 
amount of osteoclastic bone resorption. The bone 
changes are comparable with those produced in 
experimental animals by the administration of 
A.C.T.H. or cortisone. 

Roentgen therapy is the only method of value 
up to the present time. 

Progeria is a condition of premature aging. It 
usually commences in early infancy progressing to 
senility within a few years; the individual having the 
short immature stature of a child develops the facial 
and bodily appearance of a senile individual. Arterio- 
sclerosis is a prominent feature; arthritis is often 
present, Although dwarfism results, epiphyseal de- 
velopment is said to correspond with the age of the 
individual. It may be associated with a cranio- 
pharyngioma causing multiple glandular deficiencies. 
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DEFECTS IN MESENCHYMAL DEVELOPMENT 


OSTEOGENESIS IMPER FECTA,*(FRAGILITAS 
OSSIUM; IDIOPATHIC OSTEOPSATHYROSIS; PERI- 
OSTEAL APLASIA) (Figs. 87A and B). Osteogenesis 
imperfecta is a disease of the bony structures due to 
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an inherent defect in mesenchymal development re- 
sulting in a deficiency in the number and the function 
of the osteoblasts. Key maintains that the inherent 
defect is not in the decrease of osteoblasts but in 
their inability to form new bone. There must be 
many degrees of involvement, some showing greater 
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amounts of osteoporosis and deformity, other less 
change in lime salts but still showing the feature of 
multiple fractures to a marked degree. 

Clinically the disease is manifested by: 

1. Multiple fractures resulting from trivial 
traumas which ordinarily do not cause frac- 
ture. Such fractures are usually attended 
with little pain and heal readily. 

2. Deformity due to multiple fractures and 
bowing of the weakened bony structures. 

3. Enlarged, soft, “rubber ball” skull. 

4. Blue sclera in the congenital types. 

5. Profuse sweating which develops early with- 
in the first few weeks and persists through- 
out life. 


The classification and nomenclature of this 
condition varies greatly. Someuse the above names 
interchangeably, while others use them to describe 
different entities. The term Osteogenesis Imperfecta 
is used when the condition is of congenital origin. 
This type is further subdivided into Osteogenesis Im- 
perfecta Congenita and Osteogenesis Imperfecta 
Tarda, depending upon the time elapsing before the 
condition makes itself evident. Both these types have 
blue sclera which most writers depend upon for es- 
tablishing a definite congenital origin. 

The term Idiopathic Osteopsathyrosis, however, 
is to be confined to that type of the disease occurring 
in childhood which usually shows the same manifes- 
tations as Osteogenesis Imperfecta with the exception 
of the blue appearance of the sclera, thus differen- 
tiating it from the disease of congenital origin. 

While the etiology is unknown, many believe it 
to be due to some sort of an endocrine disturbance, 
possibly of the thymus gland. There is no indication 
of vitamin deficiency or disturbance in calcium- 
phosphorus content of blood. 

Clinically the skull and long bones show the 
greatest manifestations; the femur and humerus are 
the long bones most frequently involved. Fractures 
frequently present in both types, heal readily; they 
may even heal with hyperplastic callus as in cases 
reported by Baker, and Vandemark and Page, which 
was of sufficient amount to suggest osteogenic sar- 
coma. Microscopically the rapidly multiplying bone 
cells give a picture not unlike that of osteogenic sar- 
coma which makes the condition even more difficult 
to evaluate (Strach). A familial element in the oc- 
currence of hyperplastic callus formation has been 
reported by Hilton. 


OSTEOGENESIS IMPERFECTA~—CONGENIT A* 
(Fig. 87A). The patient shows evidence of the disease 
at birth, the majority being born with numerous frac- 
tures. The extremities are usually deformed pre- 
senting curvatures and nodular prominences from 
previous fractures (Fig. 87A). The skull may be as 
thin as parchment and is a membranous bag showing 
only a few small isolated areas of ossification; many 
Wormian bones producing a reticulated appearance 
which is quite characteristic; it is often spoken of as 
a “rubber ball head.” Due to the soft condition of the 
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cranial bones, the skull may sag over the spine, show- 
ing broadening on either side and flattening on top, 
(Tam-o’Shanter skull). In other instances it may 
show no change. These children usually die early as 
a result of intercurrent infection. If the patient lives, 
profuse and continued sweating, beginning usually 
during the second week, becomes a prominent fea- 
ture. The patient remains a chronic invalid for life. 

Pronounced honey combing at the ends of the 
bones occasionally occurs; it is designated as osteo- 
genesis imperfecta cystica. 


OSTEOGENESIS IMPERFECT A—TARDA*(Fig. 
87B). This is an infantile type not manifest at birth, 
appearing only when the child begins to walk. Occa- 
sionally the disease may not manifest itself until early 
adolescence or adult life. There is often little, if any, 
pain associated with these fractures; this is thought 
to be due to the fact that they are often subperiosteal. 
The skull bones may appear thin and reticulated. In 
this type we have the blue discoloration of the sclera 
(leptoscleria-thin membrane), also. Deafness may be 
an associated symptom. When the disease appears 
later in life the probability of survival is greater; as 
time goes on there is a tendency toward recovery. 


Microscopic examination indicates that the 
process is due to failure of fibroblasts to differen- 
tiate into normal osteoblasts. There are fractured 
spicules and regional hemorrhages; healing takes 
place readily but with bone which has been arrested in 
the chondroblastic stage; normal bone marrow be- 
comes converted into a fibrous type. 


ROENTGENOLOGICAL MANIFESTATIONS 


Congenital Form, (Congenita), (Fig.87A). When 
the condition is present at birth the bones of the ex- 
tremities may have a gnarled, stubby and thickened 
appearance. They are bowed and misshapen, and 
multiple fractures are usually present. The cortex is 
thin but there may be no osteoporosis at this time. 
The tables of the skull may appear normal or they 
may be extremely thin, and often calcification and os- 
sification seem to be entirely lacking in some areas; 
there is wide separation of the sutures and fontanel- 
les. Achondroplasia gives an almost identical picture 
at birth, minus the fractures. 


Late Form, (Tarda), (Fig. 87B). There is 
marked thinning of the cortex, and bowing of the long 
bones. Generalized osteoporosis is usually present; 
when extreme there may even be cystic changes. 
Marked atrophy or constriction of the shaft produces 
an appearance of widening of the metaphysis and epiphy- 
sis. An irregular appearance of the epiphysis is 
often present. This form does not usually show the 
gnarled, stubby appearance of the bones seen in the 
congenital form and fractures may be of the subperi- 
osteal folding type. The cortex may be as thin as 
paper and there is marked bowing of all of the bones. 
The skull bones may be thin and checkered. 
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Currarimo, et al. describe hypophosphatosis 
as a chronic familial disease of uncertain etiology, 
primarily affecting children in whom defective bone 
formation is associated with low alkaline phospha- 
tase activity in the serum and tissues. The new born 
skeleton likewise resembles that of osteogenesis 
imperfecta. 


IDIOPATHIC OSTEOPSATHYROSIS.* This type 
of the disease is not distinguishable from the other 
forms except that there is not the same tendency to 
extreme osteoporosis and consequent bowing deformi- 
ties; brittleness of the bones is present, however, re- 
sulting in multiple fractures. Deformity is due to 
multiple fractures, not to weakening from osteoporo- 
sis. It is not associated with blue sclera and is to 
some extent self-limiting, subsiding at about the age 
of puberty. The onset is usually in the third year of 
life. In this type there is extreme deformity of the 
extremities resulting from the occurrence of multiple 
fractures. The slightest exertion may cause fracture; 
such fractures are comparatively painless; union is 
unusually rapid. They may heal with large hyperplas- 
tic callus formation having bony spicules radiating 
outward from the shaft of the bone even resembling 
sarcoma, (Baker). The skull shows bilateral increase 
in its diameters with unusual prominence of the frontal 
and occipital bones. The femur and humerus are the 
long bones most often involved (KEY). 


The pathology is similar in all forms of the 
disease. There is a decrease in osteoblasts which 
results in deficient ossification of bone. On chemical 
analysis there is no lack of the inorganic constituents 
of bone, and fragility cannot, therefore, be dependent 
upon this factor. The bone shows scanty cancellous 
structure and an increase in medullary elements. 


Roentgenological Manifestations. In this type 


there may be a greater disproportion in the size of 
the epiphysis with the diaphysis of the long bones. 

The diaphysis may be slender and often irregular. 

The cortex is very thin but general decrease in densi- 
ty of the bone is not as pronounced as in the other 
form. There is marked deformity due to numerous 
fractures. The more pronounced epiphyseal changes 
distinguish this type—otherwise the roentgen picture 
is very similar. 


DEFECTS IN CHONDRO-OSTEAL DEVELOPMENT 


ACHONDROPLASIA,* (CHONDRODYSTROPHIA 
FOETALIS), (Fig. 88). This disease is a cartilaginous 
dystrophy, presenting many different forms, either 
unilateral or symmetrical in distribution and usually 
congenital in origin. It usually begins in the fetus, 
but may not manifest itself until the second or third 
year of life. In a great many instances such individ- 
uals are stillborn. The condition is more frequent in 
males, It has been traced through five generations 
(Bangson). 

The etiology is not definitely known, but cases 
have been reported in which cellular reaction in the 
thymus and thyroid glands were prominent, suggesting 
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an interference with endocrine function. Also only one 
ossification center is present for the basilar process 
of the skull in place of the three normally found, sug- 
gesting some pituitary dysfunction, 

Clinically the condition may present itself in 
four forms: 

1. As true dwarfs (Achondroplastic Dwarf). 

2. As very short limbs with normal trunks. 

3. Large heads and peculiar faces. 

4. Involvement of single members. 

The most typical picture is a normal-sized 
body, with exceedingly shortened extremities; a large 
head with a characteristic depression at the root of 
the nose. The head is round and globular and the 
face is small. Often prognathism accompanies the 
other changes of the head. This deformity is due to 
the fact that the basilar structures of the skull de- 
velop by one small center of ossification only, rather 
than the three centers usually present. The lack of 
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development of this portion of the skull leaves all 
subsequent enlargement of the head to expanding of 
the vault in order to accommodate the increasing 
brain structure. 

The spine is shortened and may show either 
lordosis or kyphosis; giving rise to a prominence of 
the buttocks. 

The extremities are much shortened, usually 
most evident in their proximal segments. The hands 
are often short and broad and the fingers are of equal 
length. The ring and little fingers may diverge from 
the others producing the trident hand. Any of the 
bones of the extremities may be curved, but this is 
more common in the femurs and the arms. Either 
genu valgum or varum may be present or there may 
be no bowing at all—the disease presents wide varia- 
tions in different cases. 


ROENTGENOLOGICAL CHARACTERISTICS. 
Since this is a condition affecting primarily the 
growth of the long bones, due to disturbed epiphyseal 
growth, from failure of normal bony replacement of 
cartilage, it is evident that these changes produced 
in this location would give rise to the most important 
roentgenological findings in the disease. Failure of 
the normal epiphyseal growth leaves the affected 
bones shorter than normal. The shortness of the ex- 
tremities is often referred to as micromelia. 

Periosteal proliferation continues without in- 
terference, often in excessive amounts, causing the 
bone to attain even greater thickness than normal. 
This may result in overhanging the diaphysis at the 
epiphyseal line. 

During the growth period the bones may present 
widely differing appearances. Kaufmann recognized 
three different types of involvement histologically: 

a) hypoplastic, b) hyperplastic, and c) malacic. 
Hypoplastic. The long bones may be bowed, showing 
marked changes, with irregularity and widening of the 
zone of temporary calcification, thickening of the 
cartilaginous plate, especially on the concave side of 
the bone, in response to Wolff's law of bone forma- 
tion. This is considered as the roentgen manifesta- 
tion of the hypoplastic type; it is believed to be dueto 
weakness and irregularity in the original endochon- 
dral laying down of bone, resulting in bowing of the 
bone and subsequent changes in the epiphyseal struc- 
tures (Snoke). 


Hyperplastic Type. In other instances the 
bones may be perfectly straight. They are short and 


thick, showing abnormal width of the diaphyseal ends 
without corresponding epiphyseal enlargement—over- 
hanging diaphysis. In these cases the epiphysis itself 
is broad and flat and denser than usual, without 
widening of the zone of temporary calcification, and 
there is marked thickening of the cartilage plate. 


Malacic Type. In the malacic type the long 
bones may show relatively little involvement; the 
greatest variation may be seen in the spine, chest 
and pelvis. The vertebrae are often wedge-shaped 
and the secondary ossifying nuclei are reduced in 
size; this results in a ragged, irregular, beaklike 
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projection of the anterior margins of the vertebral 
bodies, resulting in kyphosis. In these cases the lay- 
ing down of endochondral bone, although inadequate, 
is none the less uniform. 

The pelvis is narrow and flat, Often the lower 
half of the acetabula are absent, affording articulation 
for only one-third of each femoral head. Coxa vara 
is a frequent deformity. 

The skull, when involved, shows disproportion 
between the vault and the face. The base of the cra- 
nium is short; the clivus is deep and the sella turcica 
is smaller than normal; the nose is retracted. 

The condition is of benign character. It has 
been observed that patients suffering from this dis- 
ease show bone formation if thyroid extract and the 
growth hormone of pituitary are administered 
(Ketcham). This lends further support to the belief 
that this condition may be of endocrine origin. 

Some indication of an hereditary origin must be 
considered due to the case reported by Lenk as hered- 
itary metaphyseal dysostosis in which this condition 
was traced through three generations. 

Rare cases have been reported of associated 
hypertrophy of the long bones and skin defects 
(Touraine-Dolente-Gole Syndrome). The condition is 
manifested by shaggy periosteal reaction over the 
long bones similar to that seen in association with 
leg ulcer, and a thickening of the folds of skin of the 
face, extremities, ankles, and hands. The presence 
of excessive amounts of estrogens in the male sug- 
gests that this may have some bearing on the etiology 
(Linwold and Duryee). 


DIAPHYSEAL ACLASIA (Ellis and Taylor). 
Diaphyseal aclasia, (multiple osteomata or exostoses; 
hereditary deforming chondrodysplasia) (Fig. 89A) 
may occur as an hereditary manifestation at various 
epiphyseal lines all over the body; often such growths 
occur in families for many successive generations. 
They are often very irregular in shape and originate 
by broad bases from the shaft. They are in no sense 
malignant and need not be removed unless they inter- 
fere with normal function; they stop growing at ma- 
turity. If removed surgically they do not tend to re- 
cur. Very rarely such tumors may undergo malignant 
degeneration—chondromyxo sarcoma. 


DYSCHONDROPLASIA* (OLLIER'’S DISEASE) 

(Fig. 89B). Dyschondroplasia is recognized as a dis- 
tinct disease entity, differing from chondrodysplasia 
foetalis and diaphyseal aclasia which it may resemble. 
It is characterized by failure of portions of the epi- 
physeal cartilage, which ordinarily contributes to in- 
crease in the length of the bone, to ossify, maintaining 
its cartilaginous structure and persisting as nodules 
and masses within the bone at its diaphyseal end. 
These irregularly expanded cartilaginous areas with 
absence of overlying cortical bone inhibit the normal 
epiphyseal growth in the areas which they occupy; the 


intervening areas of normal bone continue to grow re- 
sulting in gross deformity and shortening of the bone. 


This results in widening of the diaphysis with linear 
striations of bone spreading out fanlike toward the epi- 
physeal line with the cartilaginous structures in be- 
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Fig. 89A 


Fig. 89B 





tween. These bony striations correspond closely to the 
pattern produced by the nutrient arteries at the ends of 
the bones, leading to the assumption that they may have 
something to do with the development of the condition. 


In later life irregular calcareous deposits occur 
throughout the cartilaginous masses. It may be con- 


fined to a single extremity or to a solitary bone, 
(Bromer and John). 

The bone marrow itself is not impaired; it is the 
existence of this normal bone marrow in the presence 
of cartilaginous rests which distinguishes this condi- 
tion from other forms of chondrodysplasia. 

While this condition is commonly referred to as 
Ollier’s Disease, it seems most probable from his own 
original description that he was really dealing with 
diaphyseal aclasia. 
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DYSCHONDROPLASIA WITH HEMANGIOMATA — 
(MAFFUCCI'S SYNDROME) (Krause; Carleton, etal.). 
This is a condition in which dyschondroplasia is 
associated with multiple hemangiomas about the 
ends of the bones with clusters of phleboliths and 
calcifications. The deformity becomes so grotesque 
at times especially in the hands and feet that they 
are no longer recognizable, and amputation may 
become necessary. The bony structures may ap- 
pear normal at birth, the disease showing its 
first manifestations in prepubertal years. Small 
nodules one to two centimeters in size appear in the 
long bones. They may show unilateral or asymmetri- 
cal distribution. Soft bluish veins forming tumorlike 
masses appear in the extremities and trunk. The 
bones become fragile and fractures follow trivial in- 
juries. Asymmetrical development of the two sides 
of the body may result in secondary deformities such 
as pes planus, genu valgum, scoliosis, etc. The dis- 
ease becomes stationary after full growth, but most 
are short and have poor muscular development. Oc- 
casionally malignant tumors develop in the bone 
lesions. 

On roentgenographic examination, the small 
bones of the hands and feet, but not the carpus or 
tarsus, show multiple small cystlike areas, (enchon- 
dromata); these may affect the long bones, ribs, 
scapulae, and vertebrae also. 

Microscopic examination shows that the dys- 
chondroplasia results from failure of absorption of 
the cartilaginous growth plate of the epiphysis. The 
changes may be congenital or they may be brought 
about by endocrine dysfunction. It is possible that 
the association of dyschondroplasia and multiple 
hemangiomata may be coincidental. 


CHONDROOSTEODYSTROPHY —(MORQUIO- 
BRAILSFORD'S DISEASE) (Pohl; Fairbanks). In this 
condition there is fragmentation and distortion of the 
epiphyses of long bones. There is primarily a dis- 
turbance in the change of cartilage into bone; the con- 
dition is more a dysplasia rather than an aplasia, but 
there is little, if any, shortening of the bones. Wedge- 
shaped deformity and narrowing of the vertebrae re- 
sult in kyphosis which may not be suspected until the 
child sits up. Other deformities of the large joints, 
knock knees, misshaped heads, depression of the 
chest, etc., accompany the condition. The disturbance 
may result in dwarfism due mainly to the spinal mal- 
development. 

Other bodily structures may also be involved, 
clouding of the cornea, thickening of the skin and 
coarsening of the hair. There is often premature 
closing of the sutures and atrophy of the optic nerve. 
The condition is often familial, but it is not neces- 
sarily so. A patient having this disease has been ob- 
served during pregnancy with birth of a child having 
normal skeletal structure. The etiology is not defi- 
nitely known, but it is believed that the condition is 
due to mucoid degeneration of cartilage in place of 
normal calcification (Russo). Hunter-Hurler Syn- 
drome or Gargoylism may produce almost identical 
deformity (see Xanthomatosis), but differentiation 
can usually be made. 
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A very rare condition resembling Morquios’ 
Disease, Dysplasia epiphysialis multiplex character - 
ized by a fragmented appearance of all of the epi- 
physeal structures of the body has been reported, 
(Fairbank, et al.), The epiphysis seems to ossify 
from numerous discrete centers, but normal trabecu- 
lation occurs after union, It lacks other character- 
istics. 


CHONDRODYSTROPHIA CALCIFICANS CON- 
GENITA (CHONDRO-DYSPLASIA, STIPPLED 
EPIPHYSES}Stippled calcifications appear in the epi- 
physeal cartilages before ossification. There is 
some flaring in the epiphyseal ends of the bones and 
an increase in the zone of temporary calcification at 
the epiphyseal lines. The condition is congenital and 
has been reported in numerous children in the same 
family (Gerard). The calcifications disappear by 
the age of three years (Rapp) if the patient survives, 
and there does not seem to be any permanent ill 
effect (Fairbanks). They frequently die under one 
year of age from infection. In a case reported by 
Coughlin et al, there was definite shortening of the 
long bones, resembling achondroplasia. Thickening 
of the skin and cataract may be associated findings. 
The subject may be of low mentality. A case has 
been reported in utero by Frank and Denny. 

Sheach and Middlemiss have reported a case 
with complete radiological and pathological findings 
from which they conclude that the condition is one of 
delayed differentiation and development of the car- 
tilaginous elements with myxoid areasand fibroblastic 
colonisation; absence of secondary ossification cen- 
ters and defective formation of the peripheral endo- 
chondral component of the terminal metaphyseal 
cortex, They have been unable to find a single report 
of this condition in an adult, 

Dysplasia epiphysialis hemimelica (tarso- 
aclasis) (Fairbank) is a rare fault inepiphyseal growth 
in which portions of the epiphyseal cartilage are en- 
larged with numerous centers of ossification produc - 
ing abnormality of form and function in the various 
epiphyses at which they may be located. The car- 
tilaginous mass may remain attached giving much the 
appearance of osteochondromata or may become sepa- 
rated forming loose cartilaginous masses in the joint 
or soft tissues, They never involve more than one ex- 
tremity and always show unilateral involvement. Their 
etiology is not known. Treatment consists in removal 
or correction of deformity. 


THIEMANN'S DISEASE.* This is a very rare 
disease characterized by fissuring and fragmentation 
of the epiphyses especially of the hands and feet, the 
proximal joint of the great toe and the Ist tarso- 
metatarsal joint. These defects recover and union of 
the epiphyses occurs at the proper time (Schinz, et 
al.). Ledeboer and Van Meel have reported fragmen- 
tation of epiphysis like Thiemann’s, especially of 
hands and feet under the name, Dysplasia Epiphysitis 
Multiplex. 


PARATHYROID 


The part played by the parathyroid glands in 
the various bone dyscrasias is not fully understood. 
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The principal function of the parathyroid glands ap- 
pears to be the regulation of the calcium-phospho- 
rus content of the blood. In general the calcium 
content of the blood bears an inverse ratio to the 
phosphorus. Neuromuscular tone and irritability 
are affected by the blood calcium so that the para- 
thyroids also indirectly influence these functions. 
They have no influence on the absorption of calcium 
salts by the intestines—this is a function of Vitamin 
D. Calcium salts, absorbed from the intestinal 
tract, are deposited in the bones; these become the 
great storehouses for calcium salts which may be 
called upon if need be to supply deficiency of cal- 
cium which may occur in the blood stream from any 
cause. It has even been shown that if the calcium 
intake in the diet is sufficient, Vitamin D can main- 
tain the normal calcium level in the blood even after 
removal of the parathyroids; it is possible there- 
fore for the bony structure to retain its normal ap- 
pearance even in the presence of parathyroid dis- 
ease. 


HYPOPARATHYROIDISM 


Deficiency of secretion of the parathyroid 
glands usually follows interference with their blood 
supply or accidental injury or removal during opera- 


tive procedures of the neck. The principal tunction 
of the parathyroid glands is calcium regulation, so 
that hypocalcemia resulting from decreased secre- 
tion results clinically in tetany. Cataracts may 
also occur from the low serum-calcium level. The 
serum phosphorus is proportionally high, and in prac- 
tically all other respects the chemical findings are 
just the reverse of hyperparathyroidism, (See p. 79). 
The roentgen findings may be lacking in well 
established cases there may be some increased den- 
sity of the bones and difficulty in dental development. 
The appearance of calcium deposits in the basal 
ganglia may be the main clue to the diagnosis. The 
administration of parathormone raises the calcium 
level with amelioration of the symptoms. 


HYPERPARATHYROIDISM,” GENERALIZED 
OSTEITIS FIBROSA CYSTICA—(von RECKLING- 
HAUSEN’S DISEASE). Hyperparathyroidism from 
increased secretion of parathormone from whatever 
cause, either glandular hyperfunction or tumor for- 
mation, results in increase in blood calcium. To 
maintain this unusual concentration of calcium in 
the blood the great storehouses of calcium salts in 
the long bones are called upon to give up their cal- 
cium deposits. As a result osteoporosis and vari- 
ous fibrocystic lesions develop in the long bones 
(Fig. 90A) and pathological fractures may result 
from their weakened condition. Along with the in- 
crease in blood calcium there is a corresponding 
decrease in blood phosphorus. The neuromuscu- 
lar irritability is decreased and the patient develops 
an extreme degree of myotonia. Extensive skeletal 
deformity may result from softening, bending and 
fracture of the bones. 

Clinically, the onset is usually with pain of 
the rheumatic type in the bones and joints; this is 
often referred to the hip, radiating down the leg. 
Muscular weakness and fatigue develop and there is 
often loss of weight. 
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The lamina dura is actually the cortical portion of 
bone around the teeth. . . the loss of the lamina 
dura has been reported as occurring in other con- 
ditions besides hyperparathyroidism and renal 
osteodystrophy. There is no lamina dura in 
edentulous patients, and therefore, in many elder- 
ly persons the loss of the lamina dura cannot be 
depended upon as adiagnostic criterion.” (Fig. 90B). 


3. The trabeculae become coarse and may 
break down to form areas of cystic degeneration. 
(Fig. 90C). These cystic areas are most obvious 
near the ends of the diaphyses of the long bones, es- 
pecially the tibia, and on the superior and inferior 
margins of the ribs. These small cysts are filled 
with clear straw-colored fluid. Being caused by de- 
generation and resorption of bone structure, they 
never cause true expansion of the shaft of a bone no 
matter how large they become. 


4. In extreme cases the bones become softened 
and weak from the loss of lime salts so that they may 
become bowed and curved into grotesque shapes; the 
lower extremities show coxa vara deformity and sim- 
ilar deformities may develop in the ribs (Fig. 90D). 


5. Similar osteoporotic changes occur in the 
skull with loss of normal bone architecture and as- 
suming of a granular appearance (Fig. 90E). This 
irregular, matted, stippled appearance is associated 
with osteoporosis of the skull which is rather distinc- 
tive of the condition; the bony structures seem thick- 
ened even resembling Paget's disease. 


6. Besides the granular osteoporosis common 
to other bones, there is usually visible in the verte- 
brae a coarse perpendicularly striated fibrocystic 
appearance. Kyphosis and Scoliosis may occur; or 
the vertebrae may develop biconcave deformity (Fig. 
90F) due to pressure of the expanding nucleus pulposus 
on the bodies weakened by osteoporosis, Similar bi- 
concave deformity of the vertebral bodies occurs in 
old age in hyperparathyroidism and in other osteo- 
malacic diseases,due to pressure of expanded nucleus 
pulposus on the softened vertebral bodies. In its ad- 
vanced stage it may be indistinguishable from Poly- 
ostotic Fibrous Dysplasia; in this condition, however, 
the cyst-like areas are not true 
cysts but are filled with fibrous 
tissue. Differentiation is impera- 
tive since polyostotic fibrous 
dysplasia is in no way associated 
with parathyroid tumor. 

The diagnosis is made then: 
1) on the roentgen evidence of ir- 
regular subperiosteal bone re- 
sorption most frequently ob- 
served in the middle phalanges 
of the hands, the edges of the 
tibiae and the skull, 2)on the high 
calcium-phosphorus ratio in the 
blood stream, and 3) on the de- 
tection of renal calculi from the 
increase in calcium excreted in 
the urine, 

Surgical removal of a parathyroid tumor, or in 
certain instances its destruction by roentgen therapy, 
has led to recovery from the disease with reestablish- 
ment of the normal bone structure. Operation may be 
relied upon to stop the progress of the disease and 


Fig. 90F 
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relieve the pain but in some instances the bone struc- 
ture does not return to normal. 


PSEUDOHYPOPARATHYROIDISM. Albright, et 
al. in 1950 described the following features of the 
disease: 1) Clinical and laboratory evidence of chron- 
ic parathyroid insufficiency; tetany without evidence of 
renal disease, steatorrhea or generalized osteomala- 
cia. Despite these findings patients show little or any 
response to parathormone, 2) Shortening of meta- 
carpal and metatarsal bones. 3) Clinical picture of 
shortness of stature, thickset appearance, round facies, 
mental retardation and short stubby fingers. 4) Soft- 
tissue calcification involving the basal ganglia and 
subcutaneous tissues, Cusmano has added six similar 
cases to the literature. 


COMPLETE OSTEOLYSIS OF CARPAL BONES. 
Thieffry, S., and Sorrel-Dejerine, J., “Particular Type 
of Idiopathic Hereditory and Familial Osteolysis, Ap- 
pearing in Early Infancy with Lateral Spontaneous Sta- 
bilization,” Presse Med. 66:1858, 1958. 


OTHER BONE DISEASES OF UNKNOWN ETI- 
OLOGY. Localized OSTEITIS FIBROSA; (Hartley)(Fig. 
91A). It has now been generally ac- 
cepted that this is a condition which 
develops as a result of generalized 
decalcification from systemic 
cause, It develops as a response of 
bone tissue to extreme decalcifica- 
tion of bone structure, occurring in 
many widely different bone condi- 
tions where extreme osteoporosis 
is a prominent feature. It should be 
considered therefore as a condition, 
not a disease entity. It occurs in 
hyperparathyroidism caused by a 
parathyroid tumor; but it is also 
present in Paget’s disease where 
parathyroid tumors cannot be found, 

In osteitis fibrosa, multiple 
areas in the bones undergo absorp- 
tion and decalcification with fibrous 
tissue replacement and cystlike 
formations, Isolated areas may 
show greatest involvement or there 
may be rather uniform involvement 
throughout all of the long bones. The cortex is thinned 
and may or may not show expansion. It remains in- 
tact unless pathological fracture occurs from weaken- 
ing of the bony structures; when such fractures occur 
they tend to heal readily. There is no periosteal re- 
action and no soft tissue tumor, 

There is a current belief among a number of 
pathologists that osteitis fibrosa is essentially the 
same pathological process as that seen in bone cyst, 
and even in giant cell tumor the defect in development 
merely occurring at different times and in different 
locations in respect to bone growth (McWirter). 


FIBROUS DYSPLASIA OF BONE*—POLYOS - 
TOTIC OR MONOSTOTIC, (WEIL) (ALBRIGHT'S 
SYNDROME) (Fig. 91B). This is a peculiar type of 
bone dysplasia characterized by 1) destructive le- 
sions of bone, 2) pigmented areas in the skin, 3) in 
the female a precocious sexual development without 
loss of fertility, and 4) at times multiple arterio- 
venous aneurysms, (Albright, et al.). 
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ment will serve to distinguish this condition from true 
fracture. At the onset they may appear only as 
notches in the bone, but they 
soon extend to traverse the 
entire width of the bone. Why 
these defects should arrange 
themselves in straight lines 
directly across the long axis 
of the bone is at first diffi- 
cult to understand. Obser- 
vations made by LeMay and 
Blunt probably explain the 
etiology of this unusual con- 
dition. These investigations 
have found that Looser's 
Transformation Zones are 
invariably associated with 
arteries closely applied to 
the bone in these locations; 
it is then believed that these 
zones of decreased density 
are due to pressure absorp- 
tion caused by the arteries 
as they traverse the bone in 
its weakened state. 





Fig. 91C 
These lesions may occur ina wide variety of 
pathological conditions such as Rickets, Late Rickets, 


Paget's Disease and Osteomalacic conditions. It has 
formerly been observed that in most instances they 
seem to be associated with insufficiency states in 
which the vitality is lowered and the bone is subjected 
to unusual strain (Camp and McCullough). 

The bone may be so weakened in these regions 
that actual fractures may occur. The multiple spon- 
taneous symmetrical fractures reported by Milkman 
(known as Osteoporosis Melolytica or Milkman’s 
Syndrome) are undoubtedly of the same origin, the 
symmetrical character of the lesions being explained 
by the symmetry of anatomical structures on the two 
sides of the body. 

There is evidence that the bony defects may be 
associated with malabsorption of copper from the 
digestive tract such as that seen in Wilson's disease. 

Wilson's Disease results from any hereditary 
defect in metabolism associated with excessive ab- 
sorption of copper from the intestinal tract resulting 
in increased copper content of the body. The ab- 
normal copper metabolism may itself be related to 
the skeletal abnormalities. 

Finby and Bearn have analysed the various 
bone lesions in 20 cases of Wilson's disease; there 
were only 6 cases with normal skeletal structures. 
Defects of bony growth were varied in location and 
structure involved; osteomalacia was a common 
varient, with widening of epiphyseal linesand severe 
demineralization indication of rickets. There was 
evidence of interference with bone development, such 
as Milkmans pseudofractures with radiolucent bands 
in bones without associated callus formation; these 
were similar to Looser's zones in pseudo-fractures. 
Marginal fragmentation was noted at the joint mar- 
gins. There were areas of cartilage injury. 


PRINCIPLES OF ROENTGEN INTERPRETATION 


OSTEITIS DEFORMANS (PAGET’S DISEASE)* 
(Fig. 92). Osteitis Deformans is a chronic deforming 
disease of bone. It occurs most frequently in adults 
over forty years of age altho Choremis et al have 
reported an instance of occurrence in a 11 year old 
boy. Males are more frequently affected. The cause 
of the disease is not definitely known. While its 
pathological picture suggests its relationship to 
parathyroid hyperfunction, actual tumors of this gland 
have not been found in connection with the disease. 

The disease is usually solitary in its occurrence 
but has been reported in the father and two daughters 
of the same family, (Irvine). The first manifestation 
of the disease may be enlargement of the head; the 
individual notices that he requires a larger-sized 
hat or his friends may notice the increase in the size 
of the skull. 

Involvement of the spine causes the patient to 
become stooped, and round shouldered. The clavicles 
are bowed forward, the femurs outward and the tibiae 
forward. The entire skeleton may be involved or the 
disease may be confined to a single bone. The dis- 
ease is always associated with pronounced arterio- 
sclerosis. Except for slight pain, usually of a rheu- 
matic type, and weakness there are no subjective 
symptoms. 

Roentgenologically the skull presents a typical 
appearance (Fig. 92A). The bones are thickened 
from two to five times the normal thickness. The 
increase in thickness is confined entirely to the 
diploe and outer table, so that there is no encroach- 
ment on the cranial cavity and consequently no 
symptoms of increased intracranial pressure. The 
process is one of bone rarefaction and condensation 
going on at the same time, causing a mottled “wooly” 
appearance of the thickened bone. The bones of the 
face are usually not involved; occasionally, however, 
the process involves the bones of the base of the skull, 
causing encroachment on the various foramina with 
development of symptoms depending upon the cranial 
nerve or structure involved; involvement of the pet- 
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rous bone, for instance, may result in deafness. 

Softening of the bones of the skull may result 
in invagination of the upper cervical spine, through 
the foramen magnum into the cranium (platybasia, 
Fig. 111), giving rise to various nervous mani- 
festations. 


In certain instances the bones of the skull may 
merely show circumscribed areas of rarefaction. 

The condition is known as Osteoporosis Circumscripta 
(Fig. 92A); it is not a disease entity but merely the 
transitional stage of Paget's Disease from normal to 
Paget bone (Kasabach and Gutman). 

Bossi and Pisani have questioned the relation- 
ship between osteoporosis circumscripta and Paget's 
disease in many cases, feeling that it is still a defi- 
nite entity rather than a transitional stage of Paget's 
disease and that the name Schuller Disease II be still 


retained, 
The long bones show an increase in bulk which 


is due to an overgrowth of bone, not to expansion. 

The cortex is thickened on both sides and bowing oc- 
curs on the side opposite to the greatest muscular 
bulk. Texturally, the bone presents a wide-meshed 
coarsely reticulated structure, in the interstices of 
which is a softer tissue relatively deficient in cal- 
cium. The outline of the bone is smooth, but there is 
irregular encroachment on the medullary canal. The 
trabeculae show strandlike accentuation and rear- 
rangement running longitudinally up to the joint cor- 
tex. This serves to differentiate this condition from 
osteoblastic type of metastatic carcinomatous involve- 
ment and lues (Fig. 92B). Looser's transformation 
zones may develop transversely 
across the shaft of a bone. In 
rare instances Paget's disease 
may be associated with calcare- 
ous deposits in the soft tissues 

of the legs. As the disease pro- 
gresses, bone sclerosis and con- 
densation become more evident 
until the entire bone may become 
white and chalky in appearance, 
devoid of any evidence of normal 
structure. The appearance is like 
that encountered with syphilitic 
sclerosis, or even sclerotic os- 
teogenic sarcoma. Periositis is 
rarely if ever present. The 
chronicity of the condition and the 
multiple sites of involvement us- 
ually is sufficient for differentia- 
tion from these conditions. When 
there is generalized bony in- 
volvement the resemblance to 
polyostotic fibrous dysplasia may 
be striking. 

When the spine is involved 
the cancellous portion of the ver- 
tebral bodies is replaced by a 
dense calcareous deposit which 
produces a chalky appearance in 
the roentgenogram. There is no 
change in size or contour and 





Fig. 92B 
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the discs are well preserved. A similar picture is 
produced by metastatic osteoblastic carcinoma; unless 
other bones are involved, the two conditions cannot be 
differentiated. 

Microscopically the bone shows fibrocystic 
changes similar to other bone diseases in which there 
is rapid decalcification of the bone but in addition there 
are other findings which are considered characteristic 
of the disease. In place of the thin curved lines of the 
Haversean canals there is a mosaic pattern of hema- 
toxylin-stained cement lines producing islands of new 
bone. 

The failure of Paget's disease to produce evi- 
dent changes in the normal calcium-phosphorus ratio 
serves further to differentiate it from other diseases 
of bone. The serum phosphatase, however, is in- 
creased. 

A study of the circulatory effects caused by 
Paget's Disease has resulted in the observation that 
it produces an extreme increase in volume flow, as 
much as twenty times the amount present in normal 
bone. Paget's disease is chronic and progressive; 
nothing has been found to modify its course. In an 
appreciable number of instances the bone lesions 
may undergo malignant change (Editorial Lancet). 

Parretta, et al., studying 1753 cases of Paget's 
disease found malignant changes in 16 cases, slightly 
less than 1%. The bones most likely to develop the 
malignant changes are: femur, humerus, pelvis, skull 
and tibia. 


IVORY VERTEBRAE (VERTEBRAE NOIRE; 
VERTEBRAE OPAQUE). A number of instances have 
been reported in the literature in which an isolated 
vertebra was involved. To these the term “ivory 
vertebra” has been applied in the literature. They 
probably represent isolated involvement of Paget's 
disease. 

In his original communication, Paget did not 
describe involvement of the bones of the face; cases 
have been encountered, however, in which the facial 
bones were involved. A strikingly similar condition 
which has its origin and shows its greatest involve- 
ment in the facial bones is known as Leonitiasis 
Ossea. 


LEONITIASIS OSSEA (HYPEROSTOSIS CRANII; 
CARNIOSCLEROSIS) (Fig. 93). This is a rare dis- 
ease of unknown etiology found most often in individ- 
uals in early decades of life. It produces enormous, 
diffuse hyperostosis, beginning usually in the bones 


of the face and extending to those of the skull, This 
localized overgrowth of bone may become stationary 


or may be slowly progressive. 


Leontiasis Ossea gets its name from the leonine 
or lionlike expression given to tne face by the thick- 
ened facial bones. The condition may give an appear- 
ance suggestive of swelling of the soft parts. 

It is usually confined to the bones of the face 
and skull but cases of generalized involvement of the 
other bony structures have been described (Garland; 
K naggs,Evans, and Pygott, et al.). 

Two types are recognized: the creeping perios- 
teal and the diffuse osteitic but in practice both types 
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healthy bone. There is, in addition, excessive cal- 
cium deposit, imparting an abnormal brittleness and 
hardness to the bones. This excessive bone growth 
encroaches upon the bone marrow, gradually replac- 
ing the bone marrow structures, giving rise to ex- 
treme anemia. Microscopic examination of the bone 
lesions in the earliest stages, before overgrowth of 
bone has caused complete sclerosis of the medullary 
structures, would indicate a “perivascular inflamma- 
tory tissue reaction with lymphocytic infiltration and 
some giant cells,” which would suggest the possibili- 
ty of some primary inflammatory lesion as the basis 
of development of the disease. 


CLINICAL CONSIDERATIONS. Ages range 
from new born to forty-eight years. It may be pres- 
ent at birth; or it may even be diagnosed in utero 
(Jenkinson); the new-born child may show no evidence 
of the disease, yet may develop the condition within 
the first few months of life. The condition is usually 
first suspected following a relatively painless path- 
ological fracture. Or the first manifestation may be 
an enlarged skull, giving the impression of hydro- 
cephalus (Kneal and Sante). There may be progres- 
sive narrowing of the visual fields and retardation of 
development. 

Consanguinity seems to play a part; it occurs 
even generations later in children of cousins, Eight 
instances have been reported in three generations in 
one family (McPeak), and a mother and three chil- 
dren have been reported by Pirie, It may or may not 
terminate fatally. Kelly and Lawlah found four cases 
in the third generation. 

Palmer and Thomas report 4 Africans, (3 boys 
and 1 girl); aged 8-20 years who had a history of 
multiple fractures and all had exophthalmos. X-ray 
examination showed defects in the vault of the skull, 
straight mandibles and large sphenoids, All had un- 
usual defects in the terminal phalanges. It may be 
difficult to differentiate from osteogenesis imper- 
fector. 


FAMILIAL METAPHYSEAL DYSPLASIA; This 
is a similar condition, at least, the cranial manifesta- 
tions are practically the same as leontiasis ossea. 
There is a chalky white thickening of the bones of the 
face and jaw; gradual obliteration of the nasal sinuses 
orbits, auditory canals and cranial foramina. The 
eyes set unusually widely apart, and the thickened 
prominent cheek bones give a leonine expression. 
Faulty dentition is due to the involvement of the al- 
veolar structures. Mori and Holt have pointed out 
that the diagnosis of familial metaphyseal dysplasia 
is dependent upon the roentgen observation of splayed 
long bones. Indeed they may be one and the same 
condition. Piatt et al. have recently reported nine 
cases stressing the benign character of the disease 
in some people. 


PATHOLOGICAL AND ROENTGENOLOGICAL 
CONSIDERATIONS. Diagnosis of the disease is de- 
pendent upon the roentgen manifestations. The bony 
structures may appear normal at birth and not until a 
few months, or even a year has passed, do the charac- 
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teristics of the disease become evident. At this time 
the growing bones in the diaphyseal regions begin to 
show an unusual increase in density which progresses 
to involvement of the entire shaft. Parallel longitudi- 
nal striations in the cancellous ends of the long bones 
fading out as they approach the compact portion of the 
shaft are due to long columns of remaining unchanged 
cartilaginous cells. These have been described as 
osteopathia striata by Voorhoeve, but we have ob- 
served this phenomenon in association with developing 
osteopetrosis and are convinced of the common iden- 
tity of these conditions. Hurt has described a similar 
case in which the identity seemed evident. 

White transverse lines of increased density may 
also be distinguished in the diaphyseal ends of bones 
due to excessive bone growth. This produces a club- 
bing effect of the ends of the long bones. 

In fully developed cases the bones are white and 
structureless. The base of the skull is thickened and 
the depth of the sella turcica is diminished. Wher- 
ever the spongy portion of the bone is not sclerosed, 
it exhibits bone atrophy or osteoporosis with a well- 
defined meshwork of trabeculae. The bones appear 
chalky, but there is little change in the shape although 
at the shoulder and knee the bones may become club- 
shaped. The bone is almost avascular and any frac- 
tures which may occur in this stage are slow to heal, 
often requiring a year or more for complete union. 

No form of treatment has been found to arrest 
or relieve the condition. 


IDIOPATHIC HYPERCALCEMIA OF INFANCY. 
In idiopathic hypercalcinosis, there is, without ap- 
parent causes, extreme calcemia and heavy deposit 
of calcium salts in all bony structures. It may be 
impossible to distinguish from Albers-Schonberg dis- 
ease. It may be due to raised serum calcium in 
hypercalcemia damaged organs. 


OSTEOPATHIA HYPEROSTOTICA SCLEROTI- 
SANS MULTIPLEX INFANTILIS; PROGRESSIVE 
DIAPHYSEAL DYSPLASIA; (Engelmann’s Disease) 
(Engelmann; Sears). This is one of the very rare 
congenital bone dystrophies associated with osteo- 
sclerosis. The condition becomes evident in child- 
hood, involving practically all of the long bones being 
bilateral and symmetrical. The ends of the bones ap- 
pear normal but the mid-portions of the shafts show 
uniform dense sclerosis without periosteal reaction, 
very much like syphilitic sclerosis but the serology 
is negative. There is some lengthening of the bones 
with slight bowing. The bones of the skull show 
patches of sclerosis in the bone; the hands and feet 
appear normal. The sclerosis appears to be due to 
overgrowth of cortical bone, (Singleton, et al.). 

Laboratory examinations are all essentially 
negative. Bone biopsy fails to show any abnormality 
in the structure of the bone. 

This condition can be differentiated from mar- 
ble bones by the confinement of the sclerosing portion 
to the mid-portion of the shaft, whereas, in marble 
bones the sclerosis advances from either end to in- 
volve the entire shaft. It can be differentiated from 
infantile cortical hyperostoses described by Caffey 
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and Silvermann by its lack of periosteal or soft tissue 
reaction, and by its failure to produce fever and other 
symptoms of infection. Likewise this condition is 
persistant, whereas, infantile cortical hyperostosis 


recovers and disappears in a few months. 
Neuhauser has described a similar closely re- 


lated condition with bone changes and wasting anoma- 
lous neuromuscular signs, under the title Progressive 
Diaphyseal Dysplasia. 

An hereditary type occurring in siblings has 
been reported by Ribbing and by Paul; and Van Buchan 
et al. Van Bucham et al. have reported a twin broth- 
er and sister with a similar condition under the title, 
Hyperostosis Corticolis Generalisata Familiaris. 

Singleton et al. have reported a case in which 
they call attention to “the presence of thickening of 
the vessel walls in the biopsy specimen ... suggests 
that the disease may be on a vascular basis.” 

Griffiths has reported a case with widespread in- 
volvement with a complete analysis of the 17 reported 
cases with sufficient detail to justify the diagrams. 


OSTEOPOIKILOSIS (Spotted Bones; Osteo- 
poecilia; Osteopathia Condensans Disseminata) (Fig. 
95). Osteopoikilosis is a condition in which there are 
numerous small areas of condensation in the bones 
throughout the skeleton without clinical symptoms. 
The condition is usually discovered by accident. 


Fig. 95 





These islands of condensation occur most abundantly 
in the cancellous portions of the bones. The trabecu- 
lae are thicker than normal, giving the impression of 
compact bone; they vary from 2 mm. to 2 cm. in 
size. The fully formed epiphyseal structures are 
usually free from involvement. They are of three 
types: spherical or spotty form, striated or elon- 
gated form, and a mixed type in which both forms of 
lesions occur. All bones may be involved except the 
skull which is rarely if ever involved. 

The condition is hereditary, possibly develop- 
ing from a congenital cartilage defect; some authors 


consider the condition as a manifestation of dyschon- 
droplasia. There is no change in blood calcium or 
phosphorus (Wilcox). Twenty cases have recently 
been encountered in four generations, (Melnick). 


HY PEROSTOSIS CORTICALIS DEFORMANS 
Two sisters (aged 1 1/2 and 3 years) whose parents 
were blood relatives developed severe generalized 
osteopathy, generalized and symmetrical, macro- 
cephaly, fever, hypochonic anemia and severe thicken- 
ing cranial bones, severe osteoporosis and loss of 
shape of bones of extremities. 


TUBEROUS SCLEROSIS COMPLEX. 
Adenoma sebaceum witha characteristic association 
of mental deficiency and epilepsy and at times renal 
and cardiac tumors has been recognized as a unit dis- 
ease by Hasegawa and Ihrke; Tuberous Sclerosis. 

Roentgenological examination of the skull shows 
intracranial calcifications which accompany this dis- 
ease, bone change in the calvarium, hands, feet, ribs, 
Spine and pelvis also accompany these. They appear 
as dense confluent areas of bone sclerosis which are 
in no way characteristic. The widespread character 
of these lesions would indicate that they all are buta 
single manifestation of a broad “neuroectodermal 
disease, or desiminated hamartiosis. Under these 
concepts the three diseases, multiple neurofibroma- 
tosis, encephalotrigeminal angiomatosis and tuberous 
sclerosis complex and possibly a fourth, hemangioble 
astomatosis would represent disseminated defects or 
hamartomas.” 

Multiple calcified lesions in the brain with as- 
sociated epilepsy and mental deficiency is sufficient 
for a diagnosis of tuberous sclerosis. The advent of 
extensive sclerotic bone lesions of spine, pelvis and 
cranium, and of skin lesions such as adenoma 
sebaceum are also frequently manifestations. 


HY PEROSTOSIS GENERALISATA WITH STRIA- 
TIONS OF BONES. Gonet and Wright have reported 
the cases of two brothers with unusual bone lesions; 
there are striations of dense bone throughout the 
diaphyseal ends of long bones and cancellous tissue 
of vertebrae, thickening of the shafts of long bones 
and spotted increases in density in the ribs resem- 
bling osteopoikilosis. 

Radiological appearances: 

Long Bones. All the long bones show marked 
cortical thickening. | The cancellous pattern at the 
bone ends is replaced by thickened irregular bands of 
dense bone, running generally in the long axis but 
quite irregular in their distribution. The bones of 
the lower limb are slightly bowed and there is some 
increase in width confined to the shafts where the 
cortical thickening is greatest. 

Spine. The striking feature is the presence 

of dense vertical bands in all the lumbar bodies. 
L. 3 is least affected, but L. 4 shows only thin sur- 
viving strips of normal density. The vertebrae are 
normal in size and shape, and no soft tissue ossifica- 
tion is visible. The dorsal spine appears normal. 
Spots of increased density are present in the ribs. 

Skull. There is slight bony thickening of the 
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base, but the vault is normal. 

Pelvis. Cortical thickening is present on 
the internal aspect of the pelvis. The trabecular 
pattern is irregular and shows bands of increased 
density similar to those seen in the long bones. 
These are quite bizarre in the lower parts of the 
iliac bones. 


Familial Metaphyseal Dysplasia (Pyle;Hermel, 


etal.). This is a peculiar type of deformity of the shafts 
of the long bones in which there is irregular constriction 
of the shafts in their midportions with relative thickening 
of the cortex and encroachment upon the medullary 
canal, The ends of the bones are unusually enlarged 
and club-shaped; the cortex is thin and the trabecular 
structure fine. There is no pain or disability other 
than that occasioned by the deformity. Two instances 
have been reported in which the disease occurred in 
brother and sister. 


METAPHYSIAL DYSOSTOSIS 


This is an exceedingly rare condition in which 
the cartilaginous metaphysis does not ossify, result- 
ing in dwarfism. The ends of the shaft are bulky and 
densely calcified. It differs in appearance from 
dyschondroplasia. 


LIPOID GRANULOMATOSIS OF BONE 


XANTHOMATOSIS*—RETICULO-ENDOTHE- 
LIOSIS; (HAND-SCHULLER-CHRISTIAN’S SYN- 
DROME; EOSINOPHILIC GRANULOMA; LETTERER- 
SIEWE’S DISEASE; HUNTER-HURLER SYNDROME; 
GAUCHER’S DISEASE: NIEMANN-PICK’S DISEASE) 
(Fig. 96). At least the first three of these conditions 
are thought to be somewhat different aspects of the 
same disease. Fraser and Strong have pointed out 
their relationship to the reticulo-endothelial system. 
Xanthomatosis is a disturbance of fat metabolism. 

In the Hand-Schiller-Christian type, Lipoid masses, 
particularly cholesterol and its esters, are deposited 
in the reticuloendothelial system, leading to definite 
roentgenological lesions in the skull, long bones and 
lungs. 

In Gaucher’s disease the stored substance is 
lipoprotein; in Niemann-Pick’s disease the deposits 
are a phosphated lipoid. In these conditions the lip- 
oids are stored in the phagocytic cells of the reti- 
culoendothelial system. 

The etiology is unknown, but endocrine disturb- 
ances are seen with retardation of physical- mental 
development. There is also adiposogenital dystrophy 
probably from pituitary insufficiency. This may be 
the cause or may be the result of faulty fat metabo- 
lism. 

Clinically, Hand-Schiiller-Christian’s Disease 
occurs most frequently in young children, although 
an increasing number of cases are being reported in 
adults; 50% of cases are in children under six years 
of age. 

Three prominent features of the syndrome are: 

1. Rounded punched-out bony defects in the 

skull and other bones 
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2. Exophthalmos 

3. Diabetes insipidus 

The bony defects are due to deposits of fat, 
hyperplasia of the reticuloendothelial elements 
increasing the size of the small areas of lipoid de- 
posit until they form large tumors of yellow fat. 
Pressure atrophy probably accounts for the bony de- 
fects. Exophthalmos is dependent upon destruction 
of the roof of the orbit and replacement by fatty tu- 
mor. Diabetes insipidus is present only if the 
cholesterol and fatty deposits occur around the re- 
gion of the sella turcica causing destruction of the 
bony support for the pituitary. Any of the bones of 
the body may be involved, but the most common sites 
of involvement are the wings of the ilia, upper por- 
tion of the femurs and ribs. The bones may be so 
weakened that pathological fractures occur. 


Fatty deposits are frequently seen in the lungs 
differing in size from minute miliary lesions to large 
blotchy areas of consolidation. They are not of es- 
pecial importance except to strengthen the view that 
this is a constitutional disease. Physiological studies 
do not indicate that the lungs play an essential role in 
fat metabolism (Markowitz and Mahn). 

Gingivitis is an early symptom, and xantho- 
matous lesions of the skin are common. Enlarge- 
ment of the liver may be present with jaundice. 

Roentgenologically, the most characteristic 
lesions by which the disease may be recognized are 
seen in the skull and other flat bones. The defects 
in the bone appear as punched-out areas with smooth, 
often circinate borders, with clear-cut edges involv- 

the entire thickness of the bone. The areas may 
es ainie or multiple and may show a button of a 
questrated bone (Wells). In the skull the calvar 7 
is most frequently involved, but there may be involve- 
ment of the base, sinuses, orbits, mastoids or facial 
bones. There is ordinarily no sclerosis of the sur- 
rounding bone or other indication of bone production; 
in this respect it differs from syphilitic involvement. 
Schiiller has reported, however, some evidence of 
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bone sclerosis about the lesions in the occipital re- 
gion of the skull as a manifestation of healing. 

Hand-Schitiller-Christian’s disease is a very 
fatal disease; treatment recommended is 

1. Fat-restricted diet. 

2. Insulin. 

3. X-ray therapy. 

None of these are as a rule very effective. 
X-ray therapy has, in our experience, been most 
disappointing. 


EOSINOPHILIC GRANULOMA* 


This is a condition which seems to be closely 
related to Hand-Schtiller-Christian’s disease produc- 
ing similar punched-out areas in the skull and other 
flat bones, especially the ilia and ribs (Fig. 96C). 
The long bones and bodies of the vertebra may also 
be involved. Vertebral destruction may be so great 
that there is complete collapse of the body giving 
rise to the appearance of vertebra plana. Bone in- 
volvement may be limited to a single punched-out 
area in the skull or one of the long bones. We have 
observed one case in which there was separation of 
the sutures without convolutional atrophy, probably 
due to a deposit of granulomatous material over the 
cerebral cortex. 

On exploration these areas of bone destruction 
are filled with greyish-brown granulomatous masses 





Fig. 96C 


PRINCIPLES OF ROENTGEN INTERPRETATION 


which reveal on microscopic examination large num- 
bers of reticulo-endothelial and other blood cells with 
a large number of eosinophile cells. These are 
sometimes so predominant that they impart a red 
color to the entire section. 

These tumors vary markedly in one respect 
however from Hand-Schiiller-Christian’s disease in 
that they are usually very amenable to small doses of 
x-ray therapy, usually undergoing complete recovery. 
Whereas Hand-Schiiller-Christian’s disease may not 
show any improvement and go on to the fatal 
The dose of x-ray is so small in amount that the quan- 
tity of x-radiation delivered in radiography may be 
sufficient to cause regression, (Platt and Eisenberg). 
The amount and character of the x-ray therapy admin- 
istered with successful results is similar to that used 
in the control of infection. Spontaneous regression of 
a solitary lesion may occur. Curettment of a solitary 
lesion may cause healing, (Hunter). Nitter has re- 
ported 3 cases occurring with a localized lesion in 
the pelvis, 2 of which healed after x-ray therapy, one 
in which surgery was unsuccessful. 

An instance has been reported in which there 
was both lung and diaphragmatic involvement in addi- 
tion to the involvement of the bony structure, thus 
further indicating its similarity to Schiller-Christian’s 
Disease, (Ackerman). 

McKenzie and Day have reported a case of de- 
velopment of eosinophilic granuloma of femur in the 
lower third in a 2-1/2 year old boy, two weeks after 
injury. Roentgen examination revealed an area of 
destruction several centimeters in size with parallel 
type resembling Ewing’s tumor; on microscopic ex- 
amination it was found to be an eosinophilic granuloma. 

An unusual case has been reported in which the 
terminal phalanx was involved (Loehr). 


Vertebra Plana - Calve’s Disease. The verte- 
brae may be involved by the destruetive lesions even 
to the point of complete collapse of the body giving an 
appearance of vertebra plana (Calve’s Disease), (Tor- 
gersen). Observation during the development of the 
condition reveals a progressive osteolytic process in 
which the vertebral body becomes narrower and nar- 
rower to the point of only a fine remaining plate of 
bone due to eosinophilic granuloma. Compere, E. L. 
of collapse was 27 days. Compere, E. L. et al. have 
observed coincidental widening of the cartilaginous 
discs above and below the involved vertebra. Subse- 
quent examination may reveal recovery with regaining 
of almost the entire original height of the vertebra. 

The etiology has, in the past, been ascribed to 
many various diseases and conditions. On careful in- 
vestigation by Calhoun and Thompson one cannot but 
be impressed by the “paucity of proof from biopsy or 
necropsy material;” they feel that eosinophilic granu- 
loma is undoubtedly the principle causative agent. 

Calheun and Thompson have studied 4 cases of 
vertebra plana. Two have been biopsied and proved 
to be eosinophilic granuloma; no biopsied cases 
showed osteochondritis or asceptic necrosis. Roent- 
gen therapy is recommended as of great value. 

Fenyes and Zoltan doubt the existence of 
Calve’s disease as an entity. They have been able 
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CLINICAL CHARACTERISTICS, The most out- 
standing characteristics of the disease are splenohe- 
patomegaly, which occurs without ascites; occasional- 
ly lymph-adenopathy, subicteric pigmentation of the 
exposed parts of the skin, pingueculalike thickness 
of the ocular conjunctiva, hemorrhagic diathesis, and 
unique changes in the bones. A hypochromic type of 
anemia may develop with slight but early leucopenia. 
Frequently thrombocytopenia and spastic irritative 
contractions and tremors of the central type occur. 
The femur usually shows the most typical changes, 
but all of the bones may become involved. 


PATHOLOGY. Large so-called Gaucher cells 
containing complex substances in their cytoplasm 
with eccentrically placed nuclei and wrinkled proto- 
plasm are traversed by a fine fibrillar network. 
These cells are considered as characteristic of the 
disease. They are found in all organs where elements 
of the recticulo-endothelial system are present. 


ROENTGENOLOGICAL MANIFESTATIONS. 
Any of the long bones may be involved but the femur 
shows the most extensive changes; it may be the only 
bone showing manifestation of involvement. The bone 
lesions are produced by permeation of the interstitial 
tissue with gaucher cells and the roentgenographic 
appearance produced depends upon the degree of in- 
volvement and the characteristics of the bone archi- 
tecture in the region of the bone involved. In the 
long bones the fine trabeculae are the first to be 
eliminated by pressure atrophy from gaucher cells 
giving rise to the appearance of coarsening of the 
trabecular structure. In the ends of the long bones 
the more delicate trabecular structure results in 
more extensive absorption with development of a fine, 
almost fibrillar network of remaining trabeculae. 
The cortex is thinned and the shaft itself becomes 
widened giving rise to the “club-shaped” lower end 
of the femur so characteristic of the disease. 

Tennent has stressed symmetrical enlargement 
of the lower ends of the femurs, with cortical thin- 
ning, loss of the normal medial concavity and central 
patchy rarefaction as being the essential elements of 
bone involvement. 

Pathological fracture may occur in the region 
of the neck of the femur or elsewhere where the bone 
is under stress. Numerous small rounded spots of 
bone sclerosis are encountered—these are probably 
due to multiple minute areas of trauma applied to the 
weakened trabeculae which give way and are either. 
compressed or give rise to stimulation of new bone 
in an effort of repair (Reed and Susman; Windholz 
and S, Foster; and Tennent). 

The most effective treatment is splenectomy. 


PRINCIPLES OF ROENTGEN INTERPRETATION 


NIEMANN-PICK'S DISEASE. In Niemann- 
Pick's disease the findings are very similar to those 
found in Gaucher's Disease. Examination of the fatty 
deposits shows that they consist of phosphated lipoids. 


GARGOYLISM, (HUNTER-HURLER DISEASE). 
This is a congenital condition characterized by mul- 
tiple symmetrical skeletal deformities with a super- 
imposed disturbance of lipoid metabolism (Harvey). 

It is now agreed that this condition must be 
classified with the lipoidoses with superimposed 
endocrine disorder, probably the effect of lipoid dis- 
turbance on the hypothalamus causing pituitary and 
thyroid dysfunction. 

Hypothalamic disturbances are probably con- 
nected with changes seen in the pituitary and thyroid 
glands, and these in turn with some clinical features 
of the disease such as chondrodystrophy and dwarf- 
ism. 

The hypophyseal dysfunction is attributed to 
“blebs caused by escape of cerebrospinal fluid into 
adjacent tissues in early embryonal life.” The clini- 
cal picture is given as: 

a) kyphotic disproportionate dwarfs from 
“beaking” of the anterior inferior margins of the 
twelfth thoracic or first lumbar vertebra 

b) large head, grotesque face resembling gar- 
goyles and any type of skull deformity without erosion 
or enlargement of sella or evidence of increased in- 
tracranial pressure 

c) bilateral corneal opacities 

d) hepato splenomegaly 

e) mental deficiency 

A condition described in Morquio-Brailsford 
Disease shows essentially similar bone lesions with- 
out other features of the syndrome. The vertebral 
bodies are biconvex and rounded, and the discs bicon- 
cave; in Morquio-Brailsford Disease the bodies are 
flat. In both conditions kyphosis is due to deformity 
of the twelfth thoracic or first or second lumbar ver- 
tebrae, with increased motion at this point. In gar- 
goylism one body is smaller than the other and is dis- 
placed backward: there is beaking of the lower an- 
terior edge of vertebra while in Morquio-Brailsford 
Disease there is usually symmetrical pointing in the 
middle of the anterior vertebral body; other conditions 
may destroy the vertebra (eosinophilic granuloma). 
There is no mental deficiency 1n Morquio-Brailsford 
Disease, while this condition is regarded as “one of 
the best defined types of mental retardation,” (Caffey). 

The roof of the acetabulum is usually sloping 
(shelving); there is coxa valga but no gross enlarge- 
ment. The ends of the radius and ulna usually slope 
towards each other showing delay in growth. The 
hands are spadelike and the bases of the metatarsals 
are pointed, short, thick and honeycombed. 
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QUESTIONS ON GLANDULAR AND METABOLIC DISTURBANCES 
Questions marked with a dagger deal with rare and less-important conditions. 


. What influence does thyroid dysfunction have on bone growth? 
. Describe the skeletal changes in acromegaly and to what are they due? 
. What three types of pituitary adenomata are recognized and what are their chief clinical and roent- 


genological manifestations? 


. What is osteogenesis imperfecta and describe the roentgen manifestations in its various types? 
T5. 
76. 


Describe the roentgen appearance of chondrodystrophia foetalis (achondroplasia). To what is it due? 


Describe the roentgenographic appearance of generalized osteitis fibrosa cystica (von Recklinghausen’s 
Disease). 


. What are the clinical and roentgenological manifestations of fibrous dysplasia of bone, monostotic and 


polyostotic ? 


. How may Polyostotic Fibrous Dysplasia be differentiated from von Recklinghausen’s Disease roent- 


genographically and pathologically? 


. What are the clinical and roentgenological manifestations of osteitis deformans (Paget’s disease) ? 


What is meant by osteoporosis circumscripta and with what disease is it intimately associated? 
In what locations does Paget’s disease occur as a localized manifestation? 


Could you differentiate roentgenologically between localized Paget’s disease of the vertebral bodies and 
osteoblastic carcinoma? How could the differential diagnosis be made? 


Describe the clinical and roentgenological manifestations of leontiasis ossea. 


What is meant by “Marble Bones”? How does the condition develop and what are its roentgenological 
characteristics ? 


Describe the roentgen findings in Osteopathia Hyperostotica Sclerotisans Multiplex Infantilis (Engel- 
mann’s Disease) and how may it be differentiated from Marble Bones and Infantile Cortical Hyperostosis 
of Caffey and Silvermann? 


What is meant by Osteopoikylosis? Punctate Epiphyseal Dysplasia? Tubular Sclerosis of Bone? Of 
what pathological significance are they? 


What is xanthomatosis and for what type of bone changes is it responsible? What is Hand-Schilller- 
Christian’s syndrome? What is meant by Eosinophilic Granuloma and what relationship does it bear to 
Hand-Schiller-Christian’s disease? To Letterer Siewe’s Disease? 


What are Gaucher’s and Niemann-Pick’s diseases and how do they differ from xanthomatoses of other 
types, clinically and roentgenographically ? 


Describe HURLER-PFAUNDLER’S SYNDROME. 


DISEASES OF BONE (Continued) 


BLOOD DYSCRASIAS (Chapter IX) 
Bone Changes in 

A. LEUKEMIA 
1. Lymphatic 
2. Splenomyelogenous 

B. HEMOLYTIC ANEMIAS 
1. Erythroblastic or Mediterranean Anemia (COOLEY) 
2. Sickle Cell Anemia 
3. Chronic Hemolytic Icterus 
4. Myelosclerosis (Marrow Sclerosis) 


C. HEMOPHILIA 
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Chapter IX 


BLOOD DYSCRASIAS 


BONE CHANGES IN LEUKEMIA; 
LYMPHATIC; SPLENOMYELOGENOUS 
LEUKOCYTHEMIA 


Lymphatic leukemia is a fatal disease, 
characterized by hyperplasia of the white-blood- 
cell-forming tissues throughout the body. Usually 
there is a striking increase in white blood cells 
with many abnormal cell forms. 

Clinically the outstanding characteristic of 
the disease is the painless enlargement of the 
lymph glands and lymphoid tissues all over the 
body. Hyperplasia of smaller lymphoid deposits 
results in the appearance of lymphoid masses in 
locations in which they normally are not en- 
countered; the spleen is also enlarged. There is 
a rapidly increasing anemia followed by the symp- 
toms which ordinarily develop from any secondary 
anemia; weakness, general malaise, loss of weight, 
dyspnea and palpitation. Spontaneous subcutaneous 
hemorrhage occurs. In the terminal stages or with 
peritoneal involvement hyperpyrexia may develop. 

Ordinarily at the onset in either lymphatic or 
splenomyelogenous leukemia there is no roentgeno- 
graphic evidence of the disease; occasionally, how- 
ever, bony involvement may develop in either. Gen- 
eralized osteoporosis may develop; this is most 
pronounced just adjacent to the epiphyseal line. In 
children, narrow bands of increased density 2 to 5 
mm. in width may traverse this dark zone at the ends 
af the long bones due to calcium deposits during re- 
missions in the disease. Epstein has found that the 
vertebral bodies go through similar changes. In cer- 
tain instances there may be small areas of actual 
bone erosion, in the diaphyseal regions. The peri- 
osteum may be elevated from subperiosteal infiltra- 
tion, giving rise to an appearance spoken of as “*cloak- 
ing of the periosteum,” or it may be raised in lami- 
nated layers. The picture may resemble scurvy or 
even neuroblastoma, (Silverman). Monocytic leukemia 
may also produce similar changes in the bones. 

In adults especially, diffuse osteosclerosis may 
wah due to increased production of cancellous 


The disease is invariably fatal; roentgen ther- 
apy offers amelioration of symptoms and some pro- 
longation of life. In extremely acute cases, espe- 
cially in infants, X-ray therapy is contraindicated. 
Amelioration of symptoms with filling in of the zones 
of decreased density with dense new bone occurs fol- 
lowing treatment with folic acid antagonists-aminop- 





terin, but this at best is only a temporary measure. 

Chloroma. This is an unusual form of myeloid 
leukemia characterized by deposits of tumor-like 
material in the skeleton, especially in the subperios- 
teal tissues. Involvement of the skull and orbit pre- 
dominates producing “chloromatous facies”. The 
masses are greenish yellow on section but appear 
slaty-blue in color when viewed through the skin. 

The lesions are not characteristic but when 
they are encountered in a case having blood findings 
of leukemia they are significant. Without knowledge 
of the blood findings the picture may suggest scurvy, 
neuroblastoma, suprarenal disfunction, (Kemp and 
Williams). 

Willson has studied the long bone lesions in 140 
cases of leukemia and found them involved in 64%. 
The most common abnormal finding was a transverse 
radiolucent line at the metaphysis of the long bones. 
Osteolytic destructive lesions and periosteal reaction 
were also observed. 

The bone lesions of leukemia were compared 
with the bone lesions observed in 30 unselected cases 
of neuroblastoma, which may resemble leukemia 
radiologically, and with those in 25 cases of rheuma- 
toid arthritis and 20 cases of anemia, which may bear 
a clinical resemblance to leukemia. 

The occurrence of the transverse radiolucent 
line at the metaphysis in diseases other than leukemia 
was investigated by a review of 740 consecutive long- 
bone examinations, comprising all such studies made 
during one calendar year in the pediatric division of 
the Department of Radiology of the Johns Hopkins 
Hospital. This lesion was observed in 28 patients be- 
low the age of two years and in 4 patients over that 
age. 

The conclusion is offered that the presence of a 
radiolucent metaphyseal line in a child over the age 
of two years may be of significance in the diagnosis 
of leukemia. It was not observed in neuroblastoma, 
rheumatoid arthritis, or the anemias. Below the age 
of two years this lesion may occur in association with 
many chronic diseases. 

The advanced destructive lesions of leukemia 
present a characteristic pattern, unlike that in other 
diseases except metastatic neuroblastoma. Clinical- 
ly the differential diagnosis from this latter condition 
is usually clear. Radiologically, the presence of a 
transverse radiolucent metaphyseal line associated 
with destructive lesions is in general indicative of 
leukemia, as this line is not observed in neuroblas- 
toma. When leukemia is suspected, yet unproved, 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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roentgenograms of the long bones should be obtained. 

Jacobson et al. feel that the term “agnogenic 
myeloid metaplasia” is more acceptable in descrip- 
tion of a disorder involving hematopoiesis outside 
the usual marrow sites, most frequently accompanied 
by fibrosis of the marrow. Some have included it 
among the “ myeloproliferative disorders.” Synonyms 
include “pseudoleukemia with splenic-cachexia,” 
“Osteosclerosis with myelofibrosis,” “splenic 
pseudoleukemia,” “aleukemic myelosis,” “myelopro- 
liferative syndrome,” “myeloid metaplasia,” * pan- 
myelosis,” “megakaryocytic myelosis,” etc. 

Differential diagnosis must be made from such 
conditions as, “osteopetrosis, metastatic carcinoma 
(from scirrhus carcinoma of the prostate, or breast; 
fluorosis, congenital hemolytic anaemias, phosphor- 
us poisoning, etc. which may be confusing radio- 
graphically.” Additional aids are the hepatosplen- 
omaly and blood picture; specific treatment likewise 
still remains a mystery. Myeleran has lately been 
used but its effectiveness is not known. 


BONE MANIFESTATIONS IN HEMOLYTIC 
ANEMIAS. The anemias may be divided into two 
main groups: a) hemolytic anemia, in which the 
anemia is due to destruction of previously well- 
formed blood cells; b) the deficiency anemias, in 
which there is defective blood formation, (Teall). 


ERYTHROBLASTIC ANEMIA.* Erythroblastic 
or Mediterranean anemia (Cooley) Fig. 98, is an 
anemia usually affecting children descended from 
nationalities bordering on the Mediterranean, es- 
pecially Italian and Greek. The condition seems to 
be congenital, but the cause is not known. In most 
cases, the disease is well advanced before the end of 
the first year. The skin shows a peculiar muddy or 
icteric tinge, but the sclera remains clear. Many 
have been described as mongoloid in appearance. 

The head is usually greatly enlarged, especially in 
the parietal regions. Both the liver and spleen are 
increased in size. 

The blood picture is characteristic: large 
numbers of erythroblasts and immature cell forms 
are found especially after splenectomy; leukocytosis 
is present; and there is evidence of increased fragili- 
ty. The icteric tinge is probably due to hemolysis. 
Characteristic bone changes occur in the anemias of 
children which are probably not primary but second- 
ary to the anemia. In all types of this disease, due to 
the profound anemia, hyperplasia of the bone marrow 
develops to which may be traced all of the manifesta- 
tions of bone involvement. 


PATHOLOGICAL AND RADIOLOGICAL MANI- 
FESTATIONS. The cranial vault in the early stages 
shows an increased porosity of the medullary portion; 
the diploetic structures are more pronounced but both 


the outer and inner tables of the skull are thin. 

The earliest manifestations of bone involvement 
may be seen within the first year as transverse lines 
of increased density adjacent to the epiphyseal car- 
tilages, either along or associated with similar zones 


PRINCIPLES OF ROENTGEN INTERPRETATION 





Fig. 98 


of decreased density. These are symmetrically dis- 
tributed in multiple bones throughout the body. 

Microscopically, the opaque lines are due to 
dense trabeculae with increased calcium matrix. 
These findings are caused by a transient disturbance 
of endochondral bone formation (Janus and Dietz). 

When fully developed the trabeculae become ac- 
centuated and thickened, producing a lattice-work ap- 
pearance of the medullary portion (Fig. 98). The 
bones lose their slender curved appearance becoming 
thicker and squared at the ends. There is rarely any 
periosteal reaction. The entire picture is the result 
of pressure from hyperplasia of the bone marrow. 

In the later stages, there is even greater thickening 
of the diploe which may even become four times its 
normal thickness due to hyperplastic changes of the 
bone marrow. The outer table may become so thin 
that it cannot be distinguished in the roentgenogram; 
the parietal bones are the sites of greatest thicken- 
ing. There may be spicules of bone radiating outward 
like hair standing on end. Or, as usually occurs in 
this form of anemia, there may be no skull involve- 
ment at all. 

In the long bones, there is a widening because 
of an increase in the medullary portion. Rarefaction 
of the medulla results in a translucent appearance in 
the roentgenogram. There is enlargement and accen- 
tuation of the trabeculae of the medulla which is more 
marked at the metaphyseal end. Thinning of the cor- 
tex may lead to pathological fracture. Periosteal ele- 
vation is rarely observed. Joint changes have been 
recorded. The changes are similar to those seen in 
the short bones but are not so pronounced. There 
may be involvement of the pelvis, vertebrae, ribs, 
clavicles and scapulae as well as the long bones. 
Erythroblastic anemia has been reported in adults 
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a profound change in the blood picture; anemia with 
nucleated red cells and other young forms and 
changes in the white cells similar to aleukemic 
luekemia. This gives rise to extreme weakness with 
aches and pains in the bones and joints. 


Secondary myelosclerosis, where the condition 
follows extensive involvement of the red bone mar- 
row, such as osteopetrosis, Paget’s disease, and ex- 
tensive invasion of the bone by tumor, may produce 
similar changes (Bersack and Feinstein). 

It would seem from this that the blood changes 
may be incidental to the bone marrow destruction 
from whatever cause and that the fibrosis and 
sclerosis whic. follow are reparative processes. It 
may be considered then as a dyscrasia of the reticu- 
loendothelial system of unknown etiology having a de- 
pressing action on normal bone-forming elements of 
the bone marrow. Average survival is 38 months. 


Myelofibrosis and Sclerosis of bone marrow 
and extramedullary hematoporesis may develop in 
association with osteosclerosis and myelosclerosis, 
with polycythemia and myelocytic leukemia. 

A history of exposure to benzene (benzol or 
other known marrow toxins) may result in this con- 
dition with clinical weakness, fatigue, dyspnoea and 
weight loss, a large spleen, severe anemia, and a 
clinical picture closely associated with the leu- 
kemias. 

Urticaria pigmentosa may be associated with 
widespread sclerosis of spongios of bone was ob- 
served by Jensen and Lasser. Sclerosis of this type 
uncommon except in myelosclerosis, fluorine poison- 
ing and urticaria, pigmentosa. Bone lesions of 2 
types: 1) Generalized with cystic osteopososis of 
ribs, thickened bony trabeculae, stippling of bone 
structures of cranium, thickening tables and gen- 
eralized sclerosis of pelvic bones and vertebrae and 
2) localized type with calcium deposit in all long 
bones. 


ROENTGENOGRAPHICALLY. The bones show 
a dense sclerotic appearance due to thickening of the 
trabecular structure, fibrosis of the marrow spaces 
with some calcification. In its extreme degree it 
may present an appearance almost as dense as 
fluorine deposits or even of marble bones. In the 
flat bones of the pelvis and in the bodies of the ver- 
tebrae the appearance may resemble that of meta- 
static osteoblastic carcinoma (Sussman). 


HEMOPHILIA—JOINT INVOLVEMENT (Gohrmley, 
et al.) 

In hemophilia there is difficulty in the coagu- 
lating elements of the blood, not inits cytology. The 
marked tendency to spontaneous hemorrhage which is 
characteristic of this disease may result in bone 
changes in and about the joints which are at times 
difficult to differentiate from other types of arthritis. 
Spontaneous hemorrhages into the joint may at first 
produce haziness of the joint similar to effusion of 
any other type. Early lesions may be rounded, well- 
defined areas of cortical erosion beneath the carti- 
lage. Large hemorrhages beneaththe cartilage may 
strip up this structure, depriving it of blood supply so 
that it becomes destroyed and leaves the articular 
cortex bare and eroded. New bone production may 
result in irregular osteophite formation, or the blood 
clots may become organized with fibrosis and calci- 
fication; producing a picture not unlike cystic degen- 
eration of bone seen in mallum coxae senilis; anky- 
losis may result. At times the extensive destruction 
of bony tissue caused by this condition may even re- 
semble osteogenic tumor (Echternacht). 

Most hemorrhagic manifestations occur near 
the epiphyseal line during the stage of active bone 
development; as a result.the epiphysis enlarges to 
conform to the increased size of the bone-forming 
area. The expanded and enlarged epiphysis which re- 
sults, therefore, will be a clue to the underlying cause 
in future years. This is especially noteworthy in the 
head of the radius and in the knee. (See chapter on 
arthritis.) 

Stiris studied 116 joints in 27 patients roent- 
genographically who had hemophilia and found evi- 
dence of the disease in 76 joints. Large rounded 
vacuolated areas in the bony structure adjacent to the 
joints presented their appearance radiographically. 
Deformity is most often present in the elbows and 
knees. 

Silbert and Christensen have reported an in- 
stance where the right iliac fossa was the site of 
hemorrhages beneath the disc muscle andother re- 
gions of the pelvis forming a large bulky mass. “At 
autopsy the right iliac fossa was occupied by a poorly 
defined mass of bloody necrotic material measuring 
10 cm.” No pus was formed. An explanation for 
these large mases in hemophilia is given in an article 
by Fraenkel et al. Enlarged cystic areas inwlving 
both iliac bones and thigh. 

“Remarkable feature of interstitial hemorrhage 
in hemophilia is rapid absorption. However “*hema- 
tomas” too large to be rapidly absorbed react like 
foreign bodies--by granulation tissue.” 


17. 
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QUESTIONS ON BLOOD DYSCRASIAS 


Questions marked with a dagger deal with rare and less-important conditions. 


. What bone changes are noted in lymphatic leukemia? 


. To what are they attributable and do they differ materially from secondary malignant involvement 


from other cause? 


. What manifestations in the cranial bones are more or less common to all hemolytic anemias of 


childhood ? 


. Describe the characteristic appearance of the skull in erythroblastic anemia. What manifestations 


occur in the long bones ? 


. What bone manifestations are present in sickle-cell anemia? 


. What racial characteristics are always present in sickle-cell anemia? Are sickle cells found in the 


blood of normal negroes? 
What bone manifestations are present in chronic hemolytic icterus? 
What is meant by bone marrow sclerosis and what are its roentgen manifestations ? 


What roentgen manifestations have we of hemophilia and where do they occur? 


DISEASES OF BONE (Continued) 


NEUROPATHIC LESIONS OF BONE (Chapter X) 
Neuropathic Disturbances 
1. Without other manifestations of abnormality 
2. Leprosy | 
3. Raynaud’s Disease 
4. Sclerodactylia 
5. Injuries and Tumors of the Spinal Cord 
6. Melorheostosis 
7. Neurofibromatosis; Bone changes in (VON RECKLINGHAUSEN’S DISEASE) 


8. Arthropathy - Syringomyelia; Charcot 
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Chapter X 


NEUROPATHIC LESIONS OF BONE 


NEUROPATHIC DISTURBANCES* 
Fig. 100 


Even though there may be doubt of the actual 
existence of “trophic” nerves, (Delano), there can 
be no doubt as to the trophic effects produced in 
bone by nerve disturbances. The effects are most 
pronounced in the metacarpal and metatarsal bones 
and phalanges of the hands and feet. The distal 
ends of the bones become smaller in calibre and 
the terminal phalanges become atrophied to fine 
points. This process of bone resorption may con- 
tinue until the heads of the metacarpal and meta- 
tarsal bones are completely separated from the 
distal ends of the shafts of the bones. Such pro- 
nounced bone lesions are usually accompanied by 
punched-out trophic ulcers of the soft parts. 
Whether the condition is due to the direct influence 
of the nerves on bony growth or indirectly to the 
effect of the nerves on the blood vessels cannot be 
definitely asserted. Cutting down of the blood sup- 
ply alone does not always result in these bone 
changes; they do not occur in arteriosclerosis or 
diabetic gangrene. 
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Fig. 100 
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In by far the greatest number of instances 
there may be no manifestation of the cause of the 
condition and the patient may appear otherwise 
normal. Numerous conditions in which other mani- 
festations of neurotrophic disturbances are present 
show similar changes. Notable examples are: 

Leprosy 

Raynaud’s 

Sclerodactylia 

Endarteritis-Obliterans (Buerger’s Disease) 


Syringomyelia 

Certain types of Spinal Lues 

Tumors and Injuries to the central nervous 
system 


Silverman and Gilden have described two sisters 
with congenital insensitivity to pain. Medical care 
was originally sought because of bony deformities 
which were considered to represent manifestations of 
“skeletal dystrophy.” Retrospective evaluation and 
clinical testing of one sister, after the syndrome of 
congenital insensitivity to pain was considered, indi- 
cated that the skeletal lesions resulted from repetitive 
unrecognized trauma to bones. The radiographic ap- 
pearances are those of injury and repair of bone, oc- 
casionally complicated by infection. Associated clint- 
cal signs and symptoms of the two patients are de- 
scribed and related to those reported in the literature. 

The condition of congenital insensitivity to pain 
is a poorly understood, probably hereditary condition 
of variable expresivity which can be suspected on the 
bases of roentgen studies when skeletal lesions are 
present. Careful clinical questioning and examina- 
tions are required to confirm the diagnosis. 


BONE AND JOINT LESIONS IN LEPROSY 
(Esguerra-Gomezand Acosta). According to the speci- 
fications of the International Congress of Leprosy at 
Cairo, 1938, there are two types of leprosy: 1) the nerve 
or neural type including all cases of benign leprosy with 
polyneuritic manifestations (disorder of sensation, 
trophic changes, paralysis, mutilations) or macules of 
non-leprous nature “leprides” or both; 2) lepromatous 
type formerly called cutaneous in which are grouped 
all cases of malignant leprosy with poor resistance 
and unfavorable prognosis with lesions especially of 
the skin. 

Cutaneous leprosy rarely is attendant with bone 
lesions whereas the neurological type is most fre- 
quently associated with neurotrophic atrophy of the 
bones (Faget and Mayoral). Bone changes therefore 
are not pathognomonic: similar roentgenological 
changes are seen in congenital anomalies, and in 
other neurotrophic disturbances. The neurotrophic 
process is very slow requiring ten to twenty years 
for the digits to become atrophied. Generally speak- 
ing there is progressive atrophy of quantity, the 
terminal phalanges and other short bones of the hands 
and feet become pointed and spindle shaped, progress- 
ing proximally until all of the bones are involved. 
Marked contractures occur especially in the hands in 
the neurotrophic form of the disease; in the leproma- 
tous type contractures and pointing of the bones is 
not a usual finding. In leprosy the added element of 
anesthesia permits the ready association of injury 
and secondary infection, with the characteristic re- 
action which these conditions produce. Periostitis 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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does not usually accompany the atrophic lesions, un- 
less secondary pyogenic infection occurs. Suppura- 
tive lesions of the soft parts may show shaggy peri- 
osteal reaction of the bone underlying the region of 
the superficial ulcer. 

It has been pointed out, (Cooney and Crosby) 
that “the phalanges in the feet are often preserved 
intact even when there is marked destruction of the 
metatarsal and tarsal bones. In contrast the absorp- 
tion of the phalanges of the hands always occurs be- 
fore involvement of the metacarpal bones, beginning 
at the distal phalanx.” It is felt that this is due to the 
fact that in the feet it is the heads of the metatarsal 
bones and in the hands the tips of the carpal phalanges 
that are subject to the maximum trauma and pressure 
in ordinary function and use. Ainhum has been re- 
corded as an occasional lesion in leprosy. 

Occasionally in association with lepromatous 
leprosy a type of cystic degeneration has been de- 
scribed which is called osteitis multiplex cystica; 
this condition is due to absorption of lime salts giv- 
ing rise to a honeycombed appearance from numerous 
punched-out cystlike areas of radiolucency. Such 
vacuoles do not determine any peripheral reaction but 
when they approach the cortical covering they distend 
and sometimes destroy it. Various abnormalities of 
the bone structure due to perivascular injury may oc- 
cur; enlargement of the canal for the nutrient artery 
has been observed. 

Zones of hypercalcification and widening of the 
proximal ends of one or more phalanges covering ad- 
joining phalanx like a cap, called “hooded” appear- 
ance, may occur. 

Phalangeal, two forms, 1) resorption, 2) re- 
sorption after atrophy, gives picture designated as 
“collar button,” “hooded,” or “hour-glass” form. 


RAYNAUD'S DISEASE. Raynaud's disease is 
an obscure condition characterized by spasm of the 
terminal blood vessels to symmetrical parts of the 
body often resulting in symmetrical gangrene of the 
distal phalanges. This condition occurs mainly be- 
tween the ages of 18 and 30, especially in women. It 
is probably the result of a neuro-vascular disturb- 
ance. As a symptom, symmetrical gangrene may 
occur in the course of syringomyelia, tumors of the 
cord, leprosy and tabes. 


CLINICAL CHARACTERISTICS. The patient 
suffers from periodic attacks of spasm of the termi- 
nal blood vessels. Attacks generally begin with 
dysesthesia and a dead feeling in the fingers or other 
symmetrically situated parts of the body: toes, lobes 
of ears, nose. The affected members look pale and 
waxy, and feel cold. This is the stage of asphyxia. 

It may be of short or long duration and pain may be 
very intense. The involved parts become hyper- 
esthetic. This stage is replaced by cyanosis, the skin 
becoming bluish or livid, and the pain becoming more 
intense. Insomnia, anorexia, and psychic upsets are 
the rule. Fever is absent. In the severe cases where 
the cyanosis is prolonged, gangrene supervenes. 
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ROENTGENOGRAPHIC APPEARANCE, Only 
after repeated attacks over a long period of time do 
bone changes develop. There is a marked atrophy of 
quantity of the bones; the phalanges of the hands and 
feet become spindle-shaped and pointed, giving rise 
to a spearlike appearance. There is absorption of the 
distal phalanges even to complete disappearance; 
rarefied areas appear in the heads of the metacarpals 
but rarely do they undergo such spindle-shaped 
atrophy as seen in other atrophic conditions. 


INJURIES AND TUMORS OF THE SPINAL 
CORD. Spinal cord injury with paralysis may result in 
the development of large hyperostoses, frequently 
bridging a joint. These form rapidly and may attain 
huge proportions, often 6 to 8 centimeters in thick- 
ness. When the lower extremities are involved they 
may be associated with the development of bladder 
stone. An instance has been reported, (Larsen and 
Wright) in which a similar type of massive bony 
outgrowth has developed bridging the hip joint, fol- 
lowing paralysis from poliomyelitis. They may 
develop within muscles (myositis ossificans) or in 
the existing ligaments. Surgical removal may be 
carried out only to be followed by recurrence, 
(Miller and O'Neill). 

Lodge has pointed out that extreme degree of 
osteoporosis and spontaneous fractures are also 
common accompaniments of paraplegia but this is 
probably due to prolonged disuse. 


MELORHEOSTOSIS; 
MONOMELIC FLOWING HYPEROSTOSIS 
Fig. 101 


Melorheostosis (Kraft) is a flowing hyperosto- 
sis of bone usually involving multiple bones of a sin- 
gle extremity; bilateral involvement has been reported 
(Carpender, et al.). The X-ray appearance of the bone 
has been likened to that of a molten stream of wax 
running down the side of a candle. Definite diagnosis 
of the condition can be made only by roentgenographic 
examination. 

The etiology is unknown, but the distribution of 
the hyperostosis is usually along the distribution of a 
nerve suggesting some nerve influence in its develop- 
ment. In unusual cases the skull, jaw, spine and ribs 
may be involved. 

Microscopically there is concentric perivascu- 
lar ossification but this is hardly sufficient to charac- 
terize the disease. 


CLINICAL MANIFESTATIONS. The first signs 
of the condition are usually noted during childhood or 
adolescence; but the condition may not be noticed until 
adult life. 

The onset is insidious and the progress ex- 
tremely slow. There may be no symptoms at all and 
the condition may be discovered quite by accident. 
Low-grade intermittent rheumatic pains may be pres- 
ent which may disappear for months or years. The 
symptoms even in severe cases may be very vague. 
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due largely to unrestrained trauma in an anaesthetic 
joint (see chapter on arthritis). 


SPINAL SARCOIDOSIS. “Syringomyelia is, 
from the clinical and symptomatologic aspects, a 
fairly well defined disease entity characterized by a 
dissociated reduction in sensibility with loss of ap- 
preciation of painful stimuli and temperature at an 
early stage, often in combination with atrophy of the 
hand muscles and segmental pain. It runs a pro- 
tracted progressive course.” 

Twenty-eight patients with clinically charac- 


teristic syringomyelia have been examined by gas 
myelography. The results were compared with 20 
normal gas myelograms as well as with observation 
in 9 cases with intramedullary expansive processes 
without signs of syringomyelia. The concomitant 
occurrence of enlargement and atrophy of the spinal 
cord seems to be characteristic of syringomyelia, 
(Klefenberg and Saltzmann). 


MALUM GENI SENILIS. Same as malum coxae 
senilis in shoulder due to old age, breaking down of 
tissues, circulatory. 


QUESTIONS ON NERVE CONDITIONS AFFECTING BONE 


Questions marked with a dagger deal with rare and less-important conditions. 


1. Describe the influence of long-standing neurotrophic disturbances on the bones of the hands and feet. 


12. What is the roentgenographic appearance of leprosy? 


13. What is the ultimate effect of Raynaud’s disease on the terminal bony structure? 


14. What is melorheostosis and what indication have we that it may have some relationship with nerve 


distribution? 


15. Is it ever progressive? Does the hyperosteal new bone spring from the periosteum? If not, why 
not? Is it ever associated with pain? How may it be treated? 


6. What bone manifestations may be associated with paraplegia? 


7. Describe the bone lesions most commonly encountered in neurofibroma. 


DISEASES OF BONE (Continued) 


MINERAL POISONS AND OTHER INTOXICATIONS AFFECTING BONE (Chapter XI) 
A. Metallic Poisoning 
From Ingestion or Inhalation of Metallic Salts 
1. Lead 
2. Phosphorus 
3. Bismuth 
4. Fluorine 
5. Radium 
From Lodgment of a Lead Bullet in Bony Structure 
B. Vitamins 


Hypervitaminosis A 
Hypervitaminosis D 


C. KASCHIN-BECK’S Disease 
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Chapter XI 


MINERAL POISONS AND OTHER INTOXICATIONS AFFECTING BONE 


From Ingestion and Inhalation* 

In growing children the continued intake of 
heavy metallic substances into the body in sufficient 
quantity and over sufficient period of time leads to 
certain roentgenographic changes in the bones. Often 
the cause of the intoxication is not suspected until 
bone changes seen at roentgenographic examination 
indicate the true nature of the condition. 

Metallic salts, such as lead, phosphorus and 
bismuth are deposited in the bones along with normal 
calcium. Observations on rachitic patients with lead 
intoxication indicate that the lead is mobilized with 
the calcium since the zone of increased density did 
not form as long as the rickets remained untreated, 
but that as soon as the rickets was treated, heavy 
deposits of calcium and lead became evident in the 
zone of previous osteoid bone. 

The most frequent source of intoxication in 
lead poisoning is from inhalation from burning of old 
storage battery boxes or in infants from ingestion of 
lead paint chewed from toys, (Cooper). 

In children these deposits are most pronounced 
on the diaphyseal side of the epiphyseal line at the 
zone of temporary calcifica- 
tion, showing in the roent- 
genogram as zones of in- 
creased density (Fig. 102). 
Any of the heavy metals 
may cause such deposits 
and one cannot be distin- 
guished from the other. The 
condition has been observed 
in new-born infants as a 
result of bismuth given to 
the mother as antiluetic 
medication. The longer the 
duration, the wider this 
zone of calcification becomes. 
A line of increased density 
can be present in perfectly 
normal infants from Vitamin 
D administration either as 
cod liver oil or ultraviolet 
ray exposure; in lead poison- 

Fig. 102 ing this zone is denser. 

Chemical analysis of the bone in the region of 
these dense zones showed that “lead was deposited in 
inverse ratio to calcium. The zones of greatest 
density in the roentgenogram showed less calcium, 
but four times as much lead as the cortex,” (Vogt). 
Microscopically this line of increased density appears 
to be due to enormous increase in radiopaque can- 
cellous tissue and decrease in marrow space. 

After relinquishing the intake of metallic salts, 
these dense zones gradually diminish in width but may 





not disappear completely for years. They do not re- 
main across the ends of long bones as permanent 
manifestations of former growth disturbance such as 
the “growth lines” seen persisting after rickets but 
merely continue to show a zone of increased density 
within the newly-formed metaphyseal bone. This 
would indicate that the abnormal processes occurring 
in these conditions are radically different, the one 
produced in rickets being a structural defect in the 
bone resulting in a scar-like alteration of the bony 
architecture which remains as a permanent defect 
moving farther and farther from the epiphyseal line 
as bony growth progresses, the other, zones of metal- 
lic deposit, resorbing by the blood stream only to be 
redeposited at the epiphyseal line in the natural proc- 
ess of bone growth. Such chronic intoxication may be 
sufficient for the development of lead encephalitis 
months or even years after all outside contact has 
been eliminated. 

In severe lead poisoning there may be associ- 
ated encephalitis, which may result in increased in- 
tracranial pressure with convolutional atrophy and 
separation of the sutures. Encephalography discloses 
hydrocephalus with excessive amount of cerebrospinal 
fluid. This may not develop until years later; once 
established it may be permanent. Epileptic convul- 
sions may develop. 

In adults metallic deposit is so uniform that it 
cannot be detected in the roentgenogram. 

Phosphorus poisoning presents, in addition 
to the usual findings of metallic poisoning, other 
manifestations in the mandible. Irregular areas 
of bone destruction appear, especially along the 
alveolar margins; the teeth may become loose and 
fall out. The picture is similar to osteomyelitis 
caused by pyogenic infection and cannot be dis- 
tinguished from it roentgenographically. 

Fluoride osteosclerosis has been described 
in miners working in rock having a high fluorine 
content (2 to 5%). Recently fluorosis has been 
reported from fluorine in the drinking water in 
some parts of Texas, ranging from 4.6 to 12 
parts per million; concentrations in excess of 1.5 
parts per million are said to produce occasional 
fluorosis. Long residence in such areas is 
necessary before such a condition develops. 

Roentgenographically there is an increase in 
density of all the bones of the skeleton, due to thick- 
ening of the trabeculae and increased calcium deposit 
producing a chalky appearance of the vertebrae. This 
occurs even in adult fully developed bone. This is 
the only condition in which metallic salts, deposited 
in adult bone structure, causes demonstrable increase 
in density. In severe cases spinal ligaments may 
show deposit as well, (Stevenson and Watson). Etch- 





*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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salts with biconcave deformity and relative increase 
in the width of the interarticular discs, Calcium 
metastases to other organs may occur. 

The radiological changes which occur in renal 
osteitis have been summarized concisely by Sussman 
and Poppel. 

This condition is differentiated from true 
rickets by: 

1. The presence of a chronic renal disorder, re- 
sulting in the damming back of waste products 
in the blood, 

2. By high phosphorus and low calcium in the 
blood, 

3. By the failure of Vitamin D in the diet to cor- 
rect the condition. 

4. By the appearance of dense arteriosclerotic 
changes usually of the Monckeberg type if 
present. 

Weens and Marin have pointed out that calcifi- 
cation and sclerosis of the arteries may be encoun- 
tered in infants in clinical conditions, renal rickets 
in hyperparathyroidism; Vitamin D intoxication; in 
progeria associated with growth disturbance and 
profound metabolic changes. They point out that 
many cases of arteriosclerosis have been reported 
in infants which have no evident etiology. 

At times it may resemble other dysostoses of 
bone, producing dwarfism (Muller and Sissons). 

Individuals suffering with this disorder rarely 
attain adult life; they usually succumb to uremia. 

Celiac disease, due to lack of normal absorp- 
tion from the diseased intestinal mucosa, also pro- 
duces osteoporosis of the bone, but this in no way 
resembles renal rickets. 


° OXALOSIS. This is a rare condition encoun- 
tered in children in which calcium oxalate deposits 
were found in tissues throughout the body, especially 


in the urinary tract and bones. Death occurred from 
renal failure. Dunn describes the unusual bone le- 
sions occurring throughout the body in association 
with this condition; the skull and mandible show a 
moderate granular osteoporosis; the vertebrae show 
similar “soft-wally” osteoporosis but no evidence of 
compression; there was severe osteoporosis in the 
diaphyseal ends of the long bones sharply delineated 
by the epiphyseal lines without gross evidence of epi- 
physeal involvement; sharply defined transverse lines 
at the margins of the involved areas which are sym- 
metrical in all areas of involvement and may indicate 
the time of onset of the condition, Unlike renal rick- 
ets which it somewhat resembles, the epiphyseal line 
itself is not widened nor irregular, The parathyroid 
glands were investigated and appeared normal. It is 
assumed therefore that the condition is due to a pri- 
mary disturbance of oxalate metabolism, 


KASCHIN-BECK'S DISEASE. This is a disease 
affecting the bones and joints, which has been observed 
only in a small area of Siberia. The etiology is not 
definitely known, but it is thought to be due to pollution 
of the drinking water with manure. 

The changes usually appear during the growing 
period, between nine and sixteen years of age; males 
predominate. 

Clinically there is irregular swelling and en- 
largement of the joints with acute rheumatic pain. 
There is shortening of the bones and atrophy of the 
muscles. 

Roentgenologically, the epiphyseal cartilages are 
primarily involved. There are areas of destruction in 
the bones and development of the long bones is checked, 
causing shortening. The process is most pronounced 
in the phalanges where the epiphyses become unrecog- 
nizable and sink into the deepened and widened meta- 
physes. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 
QUESTIONS ON MINERAL POISONS AND OTHER INTOXICATIONS 


Questions marked with a dagger deal with rare and less-important conditions. 


. What are the roentgen manifestations of lead poisoning in the long bones in children? In adults? 


. Is lead deposited in the bone marrow in adults and does it cause any perceptible increase in density 


of the bone? 


. Does excessive bismuth administration cause any manifestation in the bones of children? Of adults? 
. Is there any metallic poison which produces increase in density of bones in adults? 


. How is fluorine taken into the body in cases of poisoning and under what conditions does this occur 


in industry ? 


. What are the dangers of radium poisoning and what manifestation does it present in the long bones? 
. Why is the ingestion of radium element even in extremely small doses so dangerous? 

. What is Renal Rickets and how does it manifest itself in the roentgenogram ? 

T9. 


What is KASCHIN-BECK’S disease; where does it occur and how does it manifest itself roentgeno- 
graphically? 
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CONGENITAL ANOMALIES AND ANATOMICAL VARIATIONS 


CONGENITAL ANOMALIES AND ANATOMICAL VARIATIONS (Chapter XT) 
General Defects - considered under “glandular and metabolic.” 


A. 


B 
Cc. 
D 


i 


G. 


Achondroplasia; Chondrodystrophia Fetalis 

. Dyschondroplasia 

Osteogenesis Imperfecta— congenital type 

. Osteopetrosis, Osteosclerosis Fragilis Generalisata— Marble Bones 


(ALBERS-SCHONBERG’ S Disease) 


Osteopoikilosis 
Chondrodystrophy Calcificans Congenita 
EHLERS-DANLOS Syndrome 


Local Anatomical Variations 
A. Skull 


1. 
2. 
3. 


Acrania-anencephaly 
Macrocephaly, (megalocephaly) 
Hydrocephalus 


Craniostenosis 


ee 


6. 


Microcephaly 

Oxycephaly, Turricephaly, (tower skull) 
Dolichocephaly, (long sku11) 
Brachycephaly, (short skull) 
Plagiocephaly, (slanting skull) 
Scaphocephaly, (scaphoid skull) 


Ocular hypertelorism 


Cranial Dysostoses 


1. 


2 on a 


Sy Se es tae ee 


Cleidocranial dysostosis 

Lacunae skull (luechenschaedel) 

Localized thinning of cranial bones 

Platybasia, (Basilar Impression, Basilar Invagination) 
Persistence of parietal foramina 

Sinus pericranii 


Spine 


Spina bifida 

a. Vera 

b. Occulta 

Supernumerary and malformation of vertebrae 

Absence of, or fusion of cervical spine—(KLIPPE L- FEIL SYNDROME) 
Block Vertebra 

Occipitalization of the Axis 

Sacralization 

Elongation transverse process 

Spondylolisthesis from congenital absence of articular processes 
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C. Chest 


1. Supernumerary or absence of ribs 
Cervical and lumbar ribs 


D. Pelvis 
1. Congenital dislocation of hip 


2. Pelvic Deformity associated with: 
Extrophy of bladder 
Bifurcation of coccyx 


E. Extremities 
1. General Involvement 
a. Hemihypertrophy—hemiatrophy 
b. Intrauterine amputations and fractures 
2. Local Involvement 

a. Upper extremity 
SPRENGEL’S DEFORMITY 
Elevated Scapula 
MADELUNG’ S DEFORMITY— Radius Curvus 
Absence of or fusion of bones—deformities 
Supernumerary bones 

b. Lower extremity 
Congenital dislocation of hip (see pelvis) 
Deformity lower tibial epiphysis from irregular development 
Tibia Vara—upper epiphyseal deformity 
Tibia Recurvatum 
Absence of or fusion of bones—deformities 
Bipartite patella 
Talipes equinovarus 
Talipes calcaneovalgus 
Arthrogryposis multiplex congenita 
Genu Recurvatum 
Lipomatosis involving bone 
Talo-navicular synostosis 
Supernumerary bones 


Chapter XII 


CONGENITAL ANOMALIES AND ANATOMICAL VARIATIONS 


GENERAL DEFECTS 


“The sequences of growth and differentiation 
together will lead to normal development.” Inter- 
ference with either may result in wide physical and 
physiological variations. Neuhauser in an article on 
“Growth, Differentiation and Disease,” points out 
the hereditary and environmental influences in pro- 
duction of developmental defects. Two factors are 
responsible for development: genetic and environ- 
mental. Certain disease may be due to abnormality 
in a single gene locus, such as achondroplasia, 
marble bones, possibly osteogenesis imperfecta and 
many other simple hereditary defects. “It has been 
postulated that once in ten thousand births there is a 
gene mutation that will produce achondroplasia, 
which in turn, will be expressed in subsequent off- 
spring as a mendelian dominant.” Environmental 
factors, harmonal and nutritional, are much more 
varied and complicated in their action. “Likewise, 
environmental abnormalities may react on the 
development of the organism in such a way that 
genetic abnormalities are simulated and the two 
may be indistinguishable clinically.” Some such 
responsible agents are: infection of the pregnant 
woman with rubella, Vitamin deficiencies, exposure 
to roentgen-rays and other harmful agents such as 
nitrogen mustard. 

In achondroplasia, dyschondroplasia and 
osteogenesis imperfecta there is an inherent de- 
ficiency. Because of the influence of harmonal im- 
balance, this group of diseases has been considered 
in greater detail under “Glandular and Metabolic 
Diseases”. 


LOCAL ANATOMICAL VARIATIONS 


Anomalies of development involving only local- 
ized regions or single bones, which do not interfere 
with natural function, are often referred to as ana- 
tomical variations, and are considered in most 
instances as being normal for the individual. Such 
variations may be congenital in origin or may be 
the result of injury or disease during the develop- 
mental period. 


ANOMALIES OF SKULL—ACRANIA* (Fig. 103) 


Acrania, or complete absence of the cranium, is a 
congenital anomaly recognizable roentgenographical- 
ly before birth. The condition may be suspected 
clinically from hydramnios which frequently accom- 
panies the condition, but definite diagnosis must be 


made by roentgenographic examination. There is 
partial or complete absence of the cranial structure; 
the bones of the face are small and drawn, giving an 
apelike appearance. The condition is frequently as- 
sociated with anencephaly—complete or partial fail- 
ure of development of the brain. 





Fig. 103 


MEGALOCEPHALY—MACROCEPHALUS. Any 
condition in which the head attains an unusually 
large size. Any skull in which the brain and con- 
tents weigh 1639 to 1650 gm. (Welcker). 


HYDROCEPHALUS (Fig. 104). This is a con- 
dition of megalocephaly in which the size of the 
skull is due to the dilatation of the ventricular 
structures. The sutures are widely separated and 
the fontanelles remain large and extend well down 





Fig. 104 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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palpation the skull gives a parchmentlike impression. 
Cases have been reported of multiple occurrences of 
this and other anomalies in the same family. The 
condition is congenital and the cause is unknown. 


THINNING OF AREAS IN CRANIAL BONES 
(Fig. 110). These are rather rare anomalies seen 
most frequently bilaterally in the parietal or occipi- 
tal regions; they may occur in any location but are 
usually symmetrical. Studied in profile the bone is 
seen to consist of thin layers of compact bone, de- 
void of diploetic structure. There is no encroach- 
ment on the cranial cavity and no interference with 
cerebral function. 

Most roentgenologists accept the view that this 
condition is due to a dysplasia of the diploetic layer, 
that for some unknown reason the diploetic structure 
does not develop properly between the two compact 
layers just as in certain instances mastoids do not 
undergo pneumatization. No instance has been re- 
corded in which cranial bones of normal structure 
were found to undergo atrophy. Examples of this de- 
formity have been found in Egyptian mummies and 
the writer has observed it in the skull of an Indian 
removed from an Indian mound. 


PLAT YBASIA (Basal Impression; Basilar In- 
vagination (Fig. 111). This is a condition in which 
softening of the cranial bones from congenital de- 
formity or acquired disease, leads to invagination of 
the upper portion of the cervical spine, upward through 
the foramen magnum into the cranial cavity. Because 
of the weakened condition, the bone structure is not 
sufficiently strong to maintain the weight of the head; 
it is frequently seen in association with Paget's dis- 
ease, (Poppel, et al.). 

Pressure on the medulla and pons may give 
rise to many untoward neurological symptoms even 
resembling multiple sclerosis. 

Chamberlain has devised a line from the pos- 
terior margin of the palate to the posterior edge of 
the foramen magnum, above which the odontoid 
process of the second cervical vertebra should not 
extend; projection above this line constitutes Platy- 
basia. McGregor has developed an angle, between 
two lines drawn from the center of the sella turcica, 
one to the nasion or root of the nose, the other to the 
anterior margin of the foramen magnum; this angle 
should not exceed 140°. In both instances the roent- 
genogram must be made with the patient in a due 
lateral position. 


PERSISTENT ENLARGEMENT OF PARIETAL 
FORAMINA (Fig. 112). Very rarely the parietal fora- 
mina remain enlarged and persist into adult life. 
They appear in the roentgenogram as two symmetri- 
cally placed rounded openings on either side of the 
midline in the parietal bones. They are in about the 
same location and appear very similar to the trephine 
openings made preparatory to ventricular puncture. 
Their margins are somewhat beveled. They can be 
palpated as two depressions on the head, but cause no 
pain or disability. 
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Fig. 112 


SINUS PERICRANII. This is a congenital vascu- 
lar anomaly in which an emissary vessel connects 
with an intracranial blood sinus through an abnormal 
foramen in the skull. Ritvo, M. (Roentgen Diagnosis 
of Diseases of the Skull, Paul Hoeber, N.Y. 1949)cites 
a case in which the engorged structure formed a visi- 
ble lump on the forehead while in the recumbent posi- 
tion but disappeared when erect. 


ANOMALIES OF SPINE 


CORONAL CLEFT VERTEBRA. A rather rare 
anomaly in the appearance of the bodies of the verte- 
brae of new born or still born infants as seen in the 
lateral view, produced by delayed fusion of the ante- 
rior and posterior ossification centers for vertebral 
body. A number of vertebrae may be involved giving 
the appearance of a coronal cleft. These later fuse 
into normal structures. 


SPINA BIFIDA* (Fig. 113A). The spine, with 
its many segments, is subject to numerous anomalies 
and anatomical variations. Perhaps the most common 
anomaly of the spine is the failure of the neural arch 
to close—spina bifida; this is indicated in the roentgen- 
ogram by a defect in the laminae and usually by an ab- 
sence of the spinous process. If the defect is confined 
to the bony structure, the condition is spoken of as 
Spina Bifida Occulta; if it is accompanied by a menin- 
gocele or myelocele it is known as Spina Bifida Vera. 
The former is of no significance, causing no symp- 
toms; the latter is serious in direct proportion to the 
degree of soft-part involvement. This defect is most 
commonly countered in the region of the fifth lumbar 
vertebra and upper portion of the sacrum, although it 
may occur at any level. In addition to these defects 
of the laminae, there may be congenital absence or 
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Fig. 113A 
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Fig. 113B 





rudimentary development of the pedicles or articular 
processes. 

Fullenlove, and Williams question the role of 
congenital defects and anatomical variations as inde- 
pendently a cause of backache. 


SUPERNUMERARY AND MALFORMATION OF 
THE VERTEBRAE* (Fig. 113B). Supernumerary 
and hemivertebrae are rather common; they occur 
in any portion of the spine, but the most frequent 
location is in the lumbar region. The existence of 
only eleven ribs may give the impression of a super- 
numerary lumbar vertebra, whereas only the normal 
number may be present. Usually, such supernum- 
erary segments are normal in size and shape, caus- 
ing no pathological symptoms or deformity. Oc- 
casionally malformed vertebral segments are 
encountered which cause deformity and disability. 
These usually take on the form of wedge-shaped 
bodies with malformed lateral masses; they may be 
supernumerary or may represent malformation of a 
natural segment. They are due to imperfect seg- 
mentation of ossification centers during development. 
Their differentiation from vertebral injuries may at 
times be difficult. 

Scoliosis or other spinal deformity, when con- 
genital, may result from malformation of vertebrae 
(structural) or may result from muscular imbalance 
during the developmental period (postural) (Fig. 113C). 

By detection of primary curve by roentgen 
methods, (See Manual of Roentgenolical Technique), 
correction can be accomplished by wedging casts, 
followed by fusion. Much can be accomplished in 
rectifying the condition. 


Fig. 113C 
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type, is a necessary contributing factor in the pres- 
ence of this anomaly. Oblique views are essential 
to demonstrate such anomalous defects; the lateral 
view is essential for estimating the degree of for- 
ward luxation. Any of the lumbar vertebrae may be 
involved but the condition is most frequently seen in 
the fifth lumbar. 

Spondylolisthesis of the fifth lumbar vertebra 
forward and downward on the sacrum presents a 
characteristic picture in the anteroposterior view, 
(Fig. 115A). 

Roentgenologically the condition may be sus- 
pected from examination of the anterior roentgeno- 
gram from the following findings, (Garland and 
Thomas): 

1. Overlapping transverse processes of the 5th 
lumbar on the sacrum. 

2. Obscuring of the outline of the fifth lumbar 
vertebra. 

3. Apparent increase in density of body of 
fifth lumbar vertebra. 

4. Angulation and crowding of laminae and 
spinous processes. 


Spondylolisthesis of the fifth lumbar forward 
and downward on the sacrum is best seen in the lat- 
eral view. The degree of luxation can best be esti- 
mated from the lateral view. Ullmann’s line for esti- 


mating the degree of luxation is very helpful (Fig. 49). 


Meschan’s lining method (Fig. 115B) of stability 
determination although more complicated is a more 
exact method. This consists of drawing two lines 
(lateral view) one connecting the posterior-superior 
and posterior-inferior margins of the fifth lumbar, 
and other connecting the posterior-inferior margin of 
the fourth lumbar and the posterior-superior margin 
of the sacrum. These lines when prolonged may in- 
tersect above or below; may be parallel or may coin- 
cide in a single line. Normally these lines should 
intersect at or below the fifth lumbar vertebra, or if 
the lines are parallel they should not be more than 3 
mm. apart. In true spondylolisthesis the lines inter- 
sect above the fifth lumbar and the degree of angle 
determines the severity of the spondylolisthesis as 
follows: Up to 10 degrees indicates slight, 11 to 20 
degrees is moderate and greater than 20 is severe. 
When the lines are parallel more than 3 mm. dis- 
tance is abnormal. Any variation of these measure- 
ments found in films taken in recumbent and upright 
position or in position of hyperextension of the body 
indicates the degree of instability of the back. True 
spondylolisthesis is usually indication of a painful, 
weak back but Bistrom has directed attention to the 
fact that at times complete luxation of the lumbo- 
sacral joint and other congenital anomalies may be 
present without pain or disability. 

The isthmus defect of the fifth lumbar verte- 
bra is best seen in the oblique views (Fig. 115C). 
Both oblique views should be taken for comparison. 
In this view an anomalous defect in the pars inter- 
articularis or isthmus between the articular proc- 
esses can be readily seen. The defect is most 
frequently bilateral (Garland and Thomas). 

Horizontal sacrum in which the articular sur- 
face of the sacrum is rendered almost perpendicular 


Fig. 115C 





thereby producing 
X ) an excessive strain 
iN upon the apophyseal 
joints. If a line 
drawn through the 


posterior margin of 
yy the lower third lum- 
—— bar vertebra pro- 
; jected downward 


passes in front of 
the sacrum it is 
considered to be 
sufficiently dis- 
placed to give rise 
to symptoms. 


(Thompson, Walker, 
and Weens). Iliac 
Horns are bilateral 
osseous processes 
arising from the 
posterior surface 
of the iliac bones. 
Fig. 115D Occur in associa- 
tion with deformity 
of joints and faulty development of fingernails. They 
are not necessarily isolated bony (anomalies) mal- 
formations but are manifestations of hereditary 
arthrodysplasia and fingernail dystrophy. 
Bates has pointed out that posterior iliac horns 
occur in arthrodysplasia in association with dysplasia 
of the fingernails. 


# ILIAC HORNS. 


NX 


SUPERNUMERARY OR ABSENCE OF RIBS* 
(Figs. 116A & B). Extra ribs, either above, attached 
to the cervical spine (cervical ribs) (Fig. 116A) or 
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below, attached to the upper lumbar vertebra (lum- 
bar ribs) (Fig. 116B) are frequently encountered. 
Cervical ribs vary in size from extremely prominent 
transverse processes of the seventh cervical verte- 
bra to large fully developed rib structure. They 
may, under exceptional circumstances, cause pres- 
sure on the brachial plexus with consequent neural- 
gic symptoms. As a result of contraction of the 
scalenus anticus muscle the subclavian artery and 
brachial plexus may be impinged against such a cer- 
vical rib, giving rise to scalenus anticus muscle 
syndrome. 

Weston has determined their hereditary nature; 
‘It is of interest to note that the anomalies are more 
pronounced in the third generation than in the second 


generation.” 
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Lumbar ribs are usually quite rudimentary and 
cause no untoward symptoms; they merely represent 
elongated processes of bone, projecting outward from 
the transverse processes of the first lumbar verte- 
bra, articulating with them by definite articular sur- 
faces. Similarly one or more ribs may be congeni- 
tally absent. (Gershon-Cohen and Delbridge; Bowie 
and Jacobson). 


ANOMALY OF STERNUM. The lower segment 
of the sternum is very frequently deformed with rem- 
nants of remaining cartilage so as to give the impres- 
sion of abnormal destruction. 


SYNOSTOSIS OF RIBS (Fig. 116C). Synostosis, 
or fusion of the anterior free ends of 2 ribs is not un- 
commonly met with. It usually involves the fourth 
or fifth ribs anteriorly. Division or bifurcation of 
a rib occurs less frequently. 





Fig. 116C 


RHOMBOID IMPRESSION (Fig. 116D). Pro- 
nounced impressions on the under surfaces of the 
inner ends of the clavicles are made by heavy rhom- 
boid ligaments. They are of no pathological signifi- 
cance. 


\\ > 


Fig. 116D 


ANOMALIES OF THE PELVIS; CONGENITAL 
(DYSPLASIA) DISLOCATION OF HIP* (Fig. 117). 
One of the most common anomalies encountered in 
the pelvis is congenital dislocation of the hip. The 
condition is probably due to dysplasia malposition of 
the fetal parts. The head of the femur not being in 
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Fig. 117. Drawing from roentgenogram of 
pelvis of newborn infant. (This infant's hips were 
normal on physical examination.) “A® indicates an- 
terior inferior iliac spine; “L® is horizontal line of 
Hilgenreiner, drawn through comparable points on 
triradiate cartilage; “I* is line drawn parallel to 
acetabular roof; angle formed between “I*® and *L” 
is acetabular index, a; “P* is Perkins’ line, a per- 
pendicular dropped through anterior-inferior iliac 
spine at right angles to “L"; “H® is distance between 
“L” and highest point on femoral neck; and “D® is 
distance between triradiate cartilage and intersec- 
tion of *H® and *L”.—from Coleman, S. S. Radiol. 
563842, 1951. 


its normal position, the acetabulum remains shallow 
and does not assume its normal cup-shaped appear- 
ance. Since it does not function properly, growth is 
interfered with and the bones of the entire lower ex- 
tremity remain small in comparison with those of 
the other normal member. The head and neck of the 
femur remain in an abnormal position disturbing the 
normal relationship with the pelvis, as indicated by 
Shenton’s Line. There may be no bone erosion or 
destruction, but the head of the bone may be small or 
the capital epiphysis smaller than its fellow of the 
opposite side. A system of lining suggested by 
Putter (1929) has been devised by Kleinberg and 
Lieberman for the proper evaluation of normal in 
1936. An acetabular index, consisting of the angle 
between the superior plane of the acetabulum and the 
horizontal plane through the cotyloid notch of the 

hip should not be greater than 27° (Martin). 

Ever since this time there has been contro- 
versy in the literature about the acetabular index as 
being a reliable sign of dysplasia of hip joint develop- 
ment. In many cases normal development of the hip 
joint has followed higher values of the acetabular in- 
dex. This has been clearly shown by the follow up 
observations of Leffman. Attention has been called 
to the importance of x-ray technic in radiographic 
examination and indeed this is important. 

The final conclusion seems to be it would be 
folly to ignore a high acetabular index over 30° es- 
pecially in an infant over 18 months of age. 


PRINCIPLES OF ROENTGEN INTERPRETATION 


Gianturco, Schalimtzek and Hastiner have under- 
taken an extensive analysis of the movements of the 
vertebrae of the various portions of the spine by 
means of lining diagrams in order to detect the pres- 
ence of abnormal mobility. 

The condition usually goes unnoticed until the 
child tries to walk, at which time the waddling gait 
attracts attention to the true condition. Reduction of 
the subluxation, if attempted early, may be success- 
ful. In young infants skeletal traction in abduction 
has given most satisfactory results (Crego). If re- 
duction is maintained the pressure of the femoral 
head, in its normal position during the developmental 
period, may produce an acetabular socket sufficiently 
deep for a satisfactory functional result. 


CONGENITAL COXA VARA, Congenital coxa 
vara is an unusual condition characterized by de- 
formity of the head and neck of the femur which de- 
velops within the first few years of life. There is 
fragmentation of the neck at the lower epiphyseal line 
forming a triangular fragment of bone which inter- 
feres with growth of the lower portion of the neck pro- 
ducing coxa vara. During adolescence the epiphysis 
may give way, entirely, resulting in upward displace- 
ment of the shaft. At this stage it cannot be differen- 
tiated from the condition known as “slipped epiphysis" 
of adolescence. The etiology is not known, but there 
is some indication that this condition may be due to 
Vitamin A or D deficiency early in life. Finby, et al. 
suggest the tentative hypothesis that deficient osteo- 
genesis in the femoral neck region with development 
of pseudoarthrosis may be the cause. The only treat- 
ment is early recognition and surgical correction. 

Almond has recently cited four instances occur- 
ring in the same family indicating the congenital aspect 
of this condition. One case with serial radiographic 
examination shows clearly the normal epiphyseal 
growth up to 5 months, with fragmentation of the neck 
at the lower end of the epiphyseal line by 2 years, 
persistence of Shenton's line and consequent shorten- 
ing and finally beginning ossification of defect with 
coxa vara deformity at 4 years. 


PELVIC DEFORMITY WITH EXSTROPHY OF 
THE BLADDER (Fig. 118). Exstrophy of the bladder, 
(q.v.) a congenital anomaly in which there is failure 
of the anterior bladder wall to close, leaving the en- 
tire bladder mucosa exposed, is associated with cer- 
tain bony defects in the pelvis. The pubic bones are 
small and rudimentary, showing wide separation at 
their symphysis, often five or six inches. This pro- 
duces surprisingly little difficulty in walking. 


ANOMALIES OF THE EXTREMITIES, HEMI- 
HYPERTROPHY; LOCAL GIGANTISM: HEMIATRO- 
PHY. Certain forms of anomalous development af- 
fect the entire extremity. Hemihypertrophy or local 
gigantism is a condition in which one extremity or 
member develops to greater size than the other. The 
cause of this excessive growth is no known; it may 
be caused by an abberation of tissue differentiation. 
The structures themselves are larger and often the 
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from the ulnar side of the humerus several centi- 
meters above the elbow joint. Investigation of the 
inmates of the St. Louis City Sanitarium by Robert 
J. Terry disclosed 25 instances of this anomaly. 
This was considered a vestigeal remnant from lower 
animal development. It may cause nerve pressure 
(Fig. 121D). 


MADELUNG’S DEFORMITY —(RADIUS CUR- 
VUS) (Fig. 121A). This is a deformity affecting the 
forearms due to arrest of growth of a portion of the 
lower radial epiphysis. It is more common in fe- 
males than in males in ratio of four to one. It oc- 
curs with surprising uniformity at twelve to fourteen 
years of age. The first manifestation of the condi- 
tion may be an unusual prominence caused by the 
Spontaneous dorsal dislocation of the ulna at the 
wrist, due to the fact that the arrest in epiphyseal 
growth of the radius makes this bone shorter than 
the ulna which grows at a normal rate and, there- 
fore, becomes longer. If there is arrest of only one 
portion of the radial epiphysis the radius becomes 
curved—Radius Curvus. Union of the epiphyses 
causes arrest of the condition, but the deformity 
persists. Casts and restraining splints are of no 
avail; destruction of the epiphysis leaves the mem- 
ber shorter; permitting the condition to go on until 
union of the epiphyses has occurred results in such 
adaptation of the tissues to this new position that 
osteotomy or other orthopedic operations are diffi- 
cult and ineffective. A similar condition occurs in 
the tibia at the ankle and at its upper end, Tibia 
Vara, (Fig. 123D). 


ROENTGENOLOGICAL MANIFESTATIONS. 
There is a thinned appearance of lower radial epi- 
physis on the inner side with only a very fine line of 
epiphyseal growth; on the outer side the epiphysis is 
of normal thickness. 





Fig. 121A 


A rarefied area on the diaphysis often develops 
beneath the area of inactivity of the epiphyseal growth. 
If the condition has persisted for a long time, the ra- 
dius will be curved with the lower radial articulation 
directed inward, and the ulna will have undergone 
spontaneous dorsal dislocation, protruding downward 
over the carpus for several centimeters. 


PATELLA CUBITI (Fig. 121B). Eitheras a re- 
sult of an inherent developmental defect or because of 
an injury to the epiphyseal structure for the olecranon 
process of the ulna early in its development, this epi- 
physis becomes divided forming a separate structure, 
much like the patella at the knee joint. Hence the 
name patella cubiti. It is of no pathological signifi- 
cance, (Habbe; Kjelland). 


Fig. 121B 


ABSENCE OF OR FUSION OF BONES OF UP- 
PER EXTREMITY (Fig. 121C).* Any of the bones of 
the upper extremity may be entirely absent. The hu- 
merus may be missing with the forearm articulating 
at the shoulder joint. Either of the bones of the fore- 
arm may be absent; when this anomaly exists there is 
usually associated absence of the corresponding por- 
tion of the carpal and metacarpal bones. Many types 
of fusion of the carpal bones occur. 


STUNTING OF GROWTH OF METACARPAL OR 
METATARSAL BONES, (Fig. 121D). Strictly speak- 
ing, this may not be a developmental anomaly but 
rather an acquired deformity resulting from interrup- 
tion of growth of epiphysis for a metacarpal or meta- 
tarsal bone. This may be due to epiphysitis either of 
unknown etiology or from some pyogenic infection 
elsewhere in the body, suchas osteomyelitis. It has 
been reported as a complication of small pox. It is 
rather remarkable to note, however, that occasionally 
without apparent cause, similar bones may be involved 
on both sides. 


CONGENITAL INSENSITIVITY TO PAIN. Con- 
genital insensitivity to pain even with bony fractures 
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Fig. 121C 





Fig. 121D 


to the bones of the knees and leg are described by 
these authors, Monned & Beraud and Silverman & 
Gilden, but neither can ascribe any etiological reason. 
In one instance the patient walked on a fractured ankle 
for 12 days until swelling prevented further function. 
Ultimate healing takes place with excessive bone for- 
mation. 

Silverman and Gilden have described two sisters 
with congenital insensitivity to pain. Medical care 
was originally sought because of bony deformities 
which were considered to represent manifestations of 
“skeletal dystrophy.” Retrospective evaluation and 
clinical testing of one sister, after the syndrome of 
congenital insensitivity to pain was considered, indi- 
cated that the skeletal lesions resulted from repeti- 
tive unrecognized trauma to bones. The radiographic 
appearances are those of injury and repair of bone, 
occasionally complicated by infection. Associated 
clinical signs and symptoms of the two patients are 
described and related to those reported in the litera- 
ture, 

The condition of congenital insensitivity to pain 
is a poorly understood, probably hereditary condition 
of variable expresivity which can be suspected on the 
bases of roentgen studies when skeletal lesions are 
present. Careful clinical questioning and examina- 
tions are required to confirm the diagnosis. 

Thieffry and Sorrel-Dejerine have observed in 
5 members of one family, embracing 3 successive 
generations, without known consangunity, numerous 
instances of congenital deformities and anomalies of 
growth without any known cause. There have been 
failure of development of carpal bones, anomalous 
endings of bones of forearms, metacarpals and hands. 
There were periods of growth and quiescence and ul- 
timate stabilization after years. No actual cause 
could ever be determined; there was no lack of in- 
telligence. 


ARACHNODACTYLY—-MARFAN’S SYNDROME 
(Moehlig). This syndrome consists of: 

1) long, slender spider fingers 

2) highly arched palate 

3) often a cardiac defect—usually an interatrial 

septal defect 

4) increase in glucose tolerance “like that seen 

in pituitary cachexia or severe hypopitui- 
tarism.” 

There is no anatomical evidence to indicate 
endocrine gland disturbance except possibly the pitui- 
tary. 

The etiology factor of arachnodactyly may be a 
primary inherent pituitary disturbance with a second- 
ary mesodermal tissue defect. Later in life no mani- 
festation of the previous infection may be discernible, 
the deformity alone remaining. 


SUPERNUMERARY BONES OF THE UPPER 
EXTREMITY (Fig. 122). Numerous supernumerary 
bones are recognized in the upper extremity. These 
are especially numerous in the wrist and hand. 


POLY AND SYNDACTYLISM. Many forms of 
polydactylism and syndactylism may occur. An 
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— Bogart, from Dwight’s “Anatomical Variations” 


1. Os Vesalius 
2. Secondary capitate 
3. Styloid 


8. Ulnare externum 
9. Epipyramis 
10. Epilunatum 


15. Triangulare 
16, Practrapezium 
17. Subcapitatum 


4. Parastyloid 11. Centrale 18. Hypolunatum 
5. Metastyloid 12. Radial externum 19, Humular 
6. Secondary trapezoid 13. Epitrapezium 20. Secondary pisiform 
7. Secondary trapezium 14. Paratrapezium 21. Os of Gruber 
Fig. 122 


unusual form of chondroectodermal dysplasia—Ellis 
van Creveld Disease, (Caffey), consists of hypoplasia 
of the teeth and nails; progressive shortening of 
bones of the extremities from the trunk to the 
periphery. Many types of variation in bones of hands 
and wrists; triphalangeal thumb ina Banter family 
(Abramowitz); interference with normal maturation 
of epiphyseal centers, as seen especially in knees 
and elbows. The upper tibial epiphysis is small and 
located medialward, the proximal end of the tibial 
shaft is widened and pointed; this and similar 
changes at the proximal end of the ulna and distal 
end of the radius seem to be pathognomanic. 

An unusual type of syndactyly associated witha 
tower-like short skull and prominent jaw is known as 
Acrocephalo-Syndactyly. 


VARIATIONS IN LOWER EXTREMIT Y—AB- 
SENCE OF OR FUSION OF BONES. In the lower ex- 
tremity as in the upper, any of the bones may be ab- 
sent. The femur may be missing with articulation of 
the bones of the leg at the hip. Either of the bones of 
the leg may be missing; when they are missing there 
is usually a deficiency in the corresponding bones of 
the foot. Fusion of the calcaneus and cuboid (cal- 
caneo-cuboid coalition) or of the talus and navicular 
(talonavicular synostosis) is sometimes encountered. 
There may be associated congenital ankylosis of the 
phalangeal joints. Malformation of tarsal bones and 
other structures occur with deformities such as tali- 
pes equinovarus and valgus. Fusion of the metatar- 
sal bones may occur in varying degrees. 


CONGENITAL PSEUDOARTHROSIS, usually of 
the bones of the leg, is an anomalous condition in 
which a false joint is produced, probably from 
trauma to the fetus, causing fracture in utero. Non- 
union of the fracture results and the bones become 
Spindly in appearance. Such conditions may be cured 
and union effected by delayed autogenous bone graft 
(Moore). 


FABELLA. An anomalous sesamoid bone, the 
fabella, is a frequent finding in the lateral head of 
the gastrocnemius muscle, behind the knee, (Hessen). 
It is of no pathological significance but must merely 
be recognized as an anatomical variation. 


Bifid patella is a deformity occasionally en- 
countered. The bone, ossifying from two centers, 
shows a permanent longitudinal division, Fig. 123A. 

Congenitally small patellas occur usually dis- 
placed well to the outer side of the knee on the lat- 
eral condyle. These may result in spontaneous dis- 
location of the patella requiring plastic repair and 
replacement of the patellar insertion to avoid dislo- 
cation, (Nickerson). 


TIBIA VARA; OSTEOCHONDROSIS DEFOR- 
MANS TIBIAE; BLOUNT'S DISEASE (Fig. 123B). 
This is a condition, much like Madelung's deformity 
of the wrist, in which, from some unknown cause, 
there is arrest of growth of the medial portion of the 
upper tibial epiphysis resulting in failure of normal 
growth of this portion of the tibia. This gives rise to 
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Fig. 123A 


a beaklike projection of the medial condyle of the 
tibia and bow-leg deformity. It may be unilateral or 
bilateral. It does not have any predilection for any 
definite age period; it may occur in infancy or during 
the adolescent period. It does not show the charac- 
teristics seen in other forms of epiphysitis. Its 
etiology is not known but in some instances it may 
have been associated with previous trauma. It has 
been shown to develop about a year after osteomye- 
litis of the tibia, (Morris). If it occurs during the 
formative stage it may be influenced and the deform- 
ity even corrected by application of braces and other 
orthopedic appliances, but if it occurs after the bone 
growth is well developed it can only be corrected by 
osteotomy, (Barber). 


TIBIA RECURVATUM (Lubschitz) (Fig. 123C). 
This is an anomalous deformity in which the tibia 
bows backward in place of forward due probably to 
uneven growth of the upper tibial epiphysis. In this 
case the anterior portion of the epiphysis is deficient 
in growth. In most cases the cause is not apparent. 


IRREGULAR GROWTH LOWER TIBIAL EPIPHY- 
SES (Fig. 123D). This results in forward or 
medial bowing of the tibia similar to the other condi- 
tions which are due to irregular epiphyseal growth. 


Talipes equino varus (clubfoot)* (Fig. 123E). 
A congenital anomaly of the foot caused possibly by 
faulty fetal position during gestation. The foot is 
held in a downward (equinus) and inward (varus) po- 
sition with rotation. This results in the axis of the 
os calcis and that of the astragalus impinging upon 
each other which interferes with correction. Kite 
has developed a technique for correcting the deform- 
ity which is very effective and is widely used (see 
Manual of Roentgenological Technique). Treatment 
should be early within the first few months of life 
and some sort of retention apparatus is necessary. 


Talipes calcaneo valgus constitutes a deformity 


opposite in nature; this is a rarer type of deformity 
which is much more readily corrected. Tarsal coali- 
tion especially of the calcaneus, navicular and talus 
gives rise to “rigid flat foot" with pain and dysfunc- 
tion (Vaughn and Segal). 
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Arthrogryposis multiplex congenita (Fig. 123F) 
(Lewin) is a condition of unknown etiology character- 
ized by persistent flexure or contracture of a joint 
due to thickening of the articular and periarticular 
structures only. Muscle bundle atrophy, osteoporosis, 
flexion and extension deformities are invariable find- 
ings. The extremities are usually held ina stiff ex- 
tended position and there is limitation of motion. 
When the lower extremity is involved there is marked 
clubfoot deformity. When the knee is involved it must 
be differentiated from genu recurvatum, a condition 
in which there is abnormal mobility in extension but 
limited flexion, (Jacobson, et al.). Hypoplasia of the 
acetabulum and congenital dislocation of the hip are 
frequent findings. 


Pesplanovalgus (flat foot) is usually most 
readily detected clinically but it may be demonstrated 
roentgenologically in the weight-bearing standing po- 
sition, (see Manual of Roentgenological Technique). 
Fellhauer, has outlined briefly the procedure for its 
correction. Most instances of flat foot are due to 
club foot deformity, (Osmond-Clarke). 

Congenital fusion of all tarsal joints--bilateral 
--2 successive generations. 


Congenital Vertical Talus. A very rare cause 
of congenital flat foot, from a vertical position 
of the talus and low articulation with the navicu- 
lar. 

Congenital talonavicular dislocation is a dis- 
tinct thought infrequent cause of flatfoot, (Haveson). 
The talus congenitally assumes a vertical position 
with the articular surface for the navicular directed 
downward, with the dorsal surface of the navicular 
forming the joint with the navicular. The condition 
should be readily recognized. 


Ainhum (Spinzig) is a condition occurring al- 
most exclusively in negroes in which a fibrous band 
develops in the soft tissues, usually of the great toe, 
encircling the member, interfering with the circula- 
tion from its contraction. This condition has also 
been observed in the little toe, (Stack). The author 
has observed a similar condition in a white child with 
a fibrous constriction band about the forearm which 
interfered with proper muscular development but 
caused no demonstrable variation in bone formation. 


Lipomatosis involving bone. A peculiar con- 
genital condition reported only in the legs and feet 


in which there is fat replacement of the muscles, 
tendons, and ligaments of the leg and foot with inva- 
sion of the cancellous bony structures causing cross- 
fusion of the bones and gross deformity of the struc- 
tures. The foot becomes a misshaped mass which is 
hardly recognizable. Contraction rings of fibrous 
tissue are present about the ankle somewhat similar 
to those seen in Ainhum, (Barnetson). 

Congenital interference with growth differen- 
tiation may produce similar constriction rings or 
so-called “intrauterine amputation,” (q.v.). 

Generalized lipomatosis may involve bone, 
causing macrodactylia and localized hypertrophy of 
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the tissues, (Fainsinger and Harris). 

An extremely unusual case suggesting Lipoid 
Reticulosis of Bone has been described by Burkitt, 
(Fairbank). 

In addition to these, instances of hyperphalan- 
gism and supernumerary epiphyses have been re- 
ported, (O’Rahilly). 


SUPERNUMERARY AND FUSION OF BONES 
OF LOWER EXTREMITY. The recognized super- 
numerary bones of the lower extremity are illus- 
trated in Fig. 123G. In addition, March, et al. have 
reported the os sustentaculi a supernumerary bone 
associated with the sustentaculum tali. Certain 
bones also become fused. 


Talo-navicular Synostosis in which there is con- 
genital fusion of these two bones is occasionally en- 
countered. It does not seem to produce much disability. 


Calcaneo-navicular coalition has also been noted 
as a developmental variation (Chambers), often with- 
out unusual symptoms. 

Abnormal coalitions between tarsal bones usual- 
ly give some pain or trouble in the foot. Union be- 
tween the navicular and cuneiform bones, although un- 
usual does occasionally occur as indicated by case 
report by Lusby. 

An unusual coalition between the cuboid and na- 
vicular bones was noted by del Seland Grand with 
some deformity but little if any abnormality of func- 
tion. 


SESAMOIDS 





~Brailsford “Radiology of Bones and Joints” 


1. Os tibiale externum 7. Uncinatum 
(accessory scaphoid) 8. Peroneal sesamoid (articu- 
lating with inferior surface 


2. Trigonum 


10. Paracuneiform 
ll. Vesalianum 
12. Astragalo-scaphoid 


3. Secondary os calcis of cuboid) ossicle 

4. Secondary cuboid 8a. Peroneal sesamoid 13. Os subtibiale 
5. Intercuneiform 9. Epiphysis of fifth (Fairbank) 

6. Intermetatarsum metatarsal 


Fig. 123G 
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QUESTIONS ON CONGENITAL ANOMALIES AND ANATOMICAL VARIATIONS 
Questions marked with a dagger deal with rare and less-important conditions. 


. Name five conditions in which there seems to be some congenital disturbance in normal bone de- 


velopment. 


. To what are Achondroplasia, Dyschondroplasia, and Osteogenesis Imperfecta attributed? Why? 
. What is meant by Osteopetrosis (Marble Bones) and describe briefly its characteristic roentgen ap- 


pearance. 


. What is Osteopoikilosis and how does it manifest itself roentgenographically? Does it have any in- 


fluence on the health of the individual ? 


. Describe briefly the meaning of the following conditions: 


Acrania 

Microcephaly 

Megalocephaly 

Oxycephaly 

Dolichocephaly 

Brachycephaly 

Scaphocephaly 

Ocular hypertelorism 
Cleidocranial dysostosis 

Lacunnae skull 

Localized thinning of cranial bones 
Persistent enlargement of parietal foramina 


. Describe the following anomalies in spinal development: 


Spina Bifida Occulta 

Spina Bifida Vera 

Supernumerary and malformed vertebrae 
Klippel-Feil Syndrome 

Sacralization 

Spondylolisthesis from congenital defects 


. In what two locations are supernumerary ribs most often found? Are they of any pathological 


significance? What is synostosis of a rib? 


. What are the roentgen manifestations of congenital dislocation of the hip? What is meant by con- 


genital Coxa Vara? 


What bony deformity of the pelvis usually accompanies extrophy of bladder? Does it cause serious 
disability in walking? 


What is hemihypertrophy and what is its cause? 

What are the cause and roentgen appearance of intrauterine amputations? 

What is meant by Sprengel’s Deformity of the Scapula? Is it of any significance? 
Describe Madelung’s deformity and indicate the method by which it is brought about. 
To what may the stunting of growth of the metacarpal or metatarsal bones be due? 
Name and locate the supernumerary bones of the hands and wrist. 


Name and locate the supernumerary bones of the foot. 
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TUMORS OF BONE 
TUMORS OF BONE (Chapter XIII) 


A. Benign, Arising from: 


1/Cortex 
a. Ofteoma 
b. Qsteochondroma—single 
Cc. ‘ondrama—ecchondroma 
2. Medullary Canal (Central) 
a. Lyst—osteitis fibrosa cystica 
b. Giant-Cell Tumor 
——__ 


Cc. Paenaroms Apetenarone (Central Chondroma), multiple in phalanges, single in 
ong bones 


d. Lhondroblastoma—solitary ends of long bones | 
e. Non-osteogenic Fibroma 
f. /Angioma 
B. Malignant 
1. Primary Tumors (Types of Osteogenic Sarcoma), arising from: 
a,/Periosteum 
Assiivine Periosteal Sarcoma 
Aonossifying (Fibro-) Periosteal Sarcoma 
f-hondromyxo- (Periosteal) Sarcoma 
b, Medullary Canal (Endosteal) 
Osteolytic types of sarcoun fii rom lattin_— 
J) Osteolytic sarcoma—rapidly - wing and slow growing 
/Giant-cell sarcoma—malignant degeneration of giant-cell tumor 
/Myeloma- 
Plasma cell 
Myelocytoma 
Erythroblastoma 
Lymphocytoma 
/Chondroblastic Sarcoma 
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JL. Cortex 
Ewing’s Sarcoma (Endothelial myeloma) 
d. Extraosseus Osteogenic Sarcoma 
e, Adamantinoma (Ameloblastoma) of long bones 
2. Metastatic Tumors of Bone 
a. Sarcoma 
e-b. Carcinoma 
/osteoblastic (osteoplastic) 
Adsteoclastic 
Jf Lymphoblastoma— 
Reticulum Cell Sarcoma ~ 
Lymphosarcoma— 
Hodgkin’s Granuloma~ 
Hodgkin’s Sarcoma . 
Giant Follicular Lymphoma ~ 


/ d. Neuroblastoma 


C. Tumors in Special Locations 


1. Skull 
2. Jaw 


3. Soft Part Tumors Causing Bone Pressure 


Chapter XII 


TUMORS OF BONE 


Many tumors originate from bony structures; 
some are benign, many are malignant. It is the chief 
purpose of the roentgenological examination to detect 
those characteristics which help to differentiate be- 
nign from malignant lesions. In order to concentrate 
the material on this important subject for study, the 
American College of Surgeons maintains a Bone Tu- 
mor Registry in which physicians are invited to reg- 
ister their cases. 


BENIGN TUMORS OF BONE 


There is general accord as to the character- 
istics of benign tumors as described by the Registry, 
(James Ewing). 


3. Giant-Cell Series 


Epiphyseal giant cell 
tumors 


1. Osteogenic series, 
Exostosis 
Osteoma 


4. Angioma Series 
Cavernous Angioma 
Plexiform Angioma 


2. Chondroma series 
Chondroma 


This classification is based on histogenesis; 
for the purpose of differential roentgen diagnosis 
however, these tumors may better be considered 
from the standpoint of the structures from which 
they arise and the physical characteristics which 
they produce in the bony structures. 

1 tumors arising from the periosteum 
without exception are malignant, so that under the 
heading of benign tumors we have only those for 
consideration which arise from the cortex and 
medullary canal. 


i bone tumors arising from the cortex 
are of three types: ; 

1/psteoma 

5 Ataltinle kesres 

3 


OSTEOMA* (Fig. 124A). osteoma is a new 


growth composed of bony tissue spri from the 
cort d extend out into ues. They 
side 


y arise from the bone near the diaphyse 
of the epiphyseal line and are always directed away 
from the joint. As the bone lengthens by the natural 
process of growth they get farther and farther away 
from the end of the bone, but obviously they can never 
reach its midportion. They may arise by a narrow 
pedicle or by a broad sessile base. In a pure osteoma 
the free margin is rounded and smooth. One charac- 


Fig. 124A 





teristic point by which they can always be identified 
and differentiated from infalmmatory outgrowths (or 
exostoses) is the fact that in osteomas the architec- 
ture of the bone extends from the shaft directly out 
into the bony growth; this is not the case in exostosis 
formation. When they occur in the skull they arise 
from the cortex without cartilaginous element, being 
hard and ivory-like, and are known as ivory osteo- 


‘mata. 


OSTEOCHONDROMA (Fig. 124B). An osteo- 


chondroma is similar to an osteoma with the excep- 
nous elements 
the growth, These tumors originate in a similar 
manner to osteomas and roentgenographically the 
appearance is very similar; the terminal free end 
of the growth, however, in place of having a rounded 
smooth surface presents scalloped calcareous de- 
posits in the soft tissues just beyond the end of the 
bony pedicle. The intervening cartilaginous portion 
of the tumor, of course, does not show in the roent- 
genogram and as a result these rounded deposits of 
bone seem to be free in the soft tissues. Wherever 
this appearance exists it is a definite indication of 
the existence of cartilaginous elements in the tumor. 
Rare instances have been reported where such 
tumors which retain their cartilaginous elements 
into later life have undergone malignant degeneration. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


fod in the pictorial supplement at the end of the chapter. 
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Fig. 124B 


Pure chondromatous exostoses (ECCHONDROMA) 
must-be rather rare. Theoretically they should rep- 
resent cartilaginous outgrowths of bone similar to 
osteochondromas but without osseous elements. In- 
deed many observers feel that all three of these tumors 
represent the same process at different stages; that 
they all originate as chondromas, changing into 
osteochondromas and finally into pure osteomas as 
the cartilage is replaced by bone. Extraskeletal de- 
posits of bone and cartilage occasionally occur. 
Purser has described one in the soft tissues of the 
foot adjacent to the great toe. 


Such tumors need not be disturbed unless by 
their position they interfere with function. If they 
do, simple local removal will suffice; they never 
tend to recur. They are unsely ppdees from 
normal cartilaginous structures (ecchondroma) in 
contradistinction to exchondroma, cartilaginous tu- 
mors occurring whéfre cartilage does not normally 
occur, 

Small periosteal (or subperiosteal) cartilage 
tumors have been reported by Lichtenstein and Hall, 
showing surrounding zone of sclerosis; benign with- 
out recurrence after local removal. Kimmelstiel 
and Rapp, have designated radiologically similar 
lesions, “apparently benign tumurous but destructive 
and infiltrative hyperplasia of connective tissue”, as 


“periosteal desmoids”. 


BENIGN MEDULLARY TUMORS. The most 
common types of benign tumors arising from the 
medullary canal are: 

4 Bone Cyst 

. Benign Giant-Cell Tumor 
yi. Chondroma 

’ Fibroma—Osteitis fibrosa cystica 
JS Angioma 
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All of these have certain similar roentgeno- 
graphic characteristics. All originate from the 
medullary canal; they are all slow-growing tumors 
so that the cortex is expanded by the gradual 
pressure of their growth. Although often expanded 
to paper thinness, the coytex is not broken through 
by invasion of the growth; if breaking of the cortex 
does occur it is due to fracture resulting from the 
frail condition of the bone. Periosteal reaction or 
any other form of new bone formation is never 
present except as an instrument of repair after 
fracture. There are, however, certain other 
characteristics which serve to differentiate these 
lesions. 

Geschickter and Copeland feel that bone cyst, 
giant-cell tumor and osteitis fibrosa are manifesta- 
tions of a similar process as it occurs in different 
localities of the bone. Giant-cell tumor occurring 
most frequently in the cancellous end of the bone is 
permitted more unrestrained growth since the thin 
cortex offers little resistance; bone cyst, occurring 
in the metaphyseal region meets stiffer resistance 
in the form of stronger cortical structures causing 
greater pressure to be exerted on the tumor struc- 
tures, and finally osteitis fibrosa occurring in the 
diaphysis of the bone is subjected to greatest pres- 
sure from thick cortical bone resulting in abundant 
fibrous tissue with small cysts. 


BONE CYST* (Fig. 125). While not truly neo- 
plastic in origin they produce lesions similar to true 
tumors and must be considered in differential 
diagnosis. They almost alway cur in children 
under twenty years of age and probably represent a 
localized disorder of bone growth. 

They are central in origin causing uniform ex- 
pansion of the bone. The cortex is thinned but not 
broken through except from trauma and there is no 
periosteal reaction. Occasionally true cysts occur 





Fig. 125 
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frequently occur in the small and irregular bones es- 
pecially the vertebrae; and a case has been reported 
in which the patella was involved, (Shorvon). They 
have been reported in the skull and nasal sinuses. 


NON-OST BOGENIC FIBROMA (Fig. 127). Fi- 
bromas of bone of this type (Jaffe and Lichtenstein) 
are relatively rare. They form tumors similar to 
enchondromas involving the ends of the long bones, 
(often the fibula) but differ in that they usually occur 
as single tumors. Osteitis fibrosa is a ibrous tis- 
sue replacement of bone. It is possible that isolated 
fibromas may be in some way related. Some contend 
that these are really not neoplastic. 





shaft of a long bone, producing a picture similar to 
bone cyst, or giant-cell tumor. Occurring most fre- 


quently in, or in close relationship to the epiphysis, 
they are spoken of as chondro lestonye (Codman). 
In this location they may expand the Bone and may be 


associated with some sclerosis. The few cases 
which we have treated have responded well after 
x-ray therapy, with filling in of the destroyed areas 
of newly formed dense bone. 

Eleven verified cases have recently been re- 
ported by Sherman and Uzel, who give the important 
points in roentgen diagnosis as 1) age—usually oc- 





SUBPERIOSTEAL LIPOMA. A benign sub- curring during adolescence as the epiphyseal line is 
periosteal lipoma has been described by Hummel closing; 2) location—all tumors were medullary, usu- 
and Truong-Thi-Danh presenting the appearance of ally occurring in the epiphyseal region even though 
a large smooth radiolucent subperiosteal mass closed, but encroaching into the metaphyseal area. It 
raising the periostrum over one-third of the femoral was always found to be at least touching the epiphyseal 
shaft. line; 3) areas of osteolysis which were universally 

found with 4) fine thread-like strands of bone and oc- 

BENIGN CHONDROMA-/ENC HONDROMA* casional peristeal reaction. An instance has been re- 
(Fig. 128). Chondromas, on fhe other hand, are ported (Gramiak et al.) in which multiple rounded well 
usually multiple, occurring in the smaller bones of defined hemangiomatous lesions have been present in 
the hands and feet. While the roentgen character- the skull and long bones throughout the body. 


istics of the individual lesions are the same, the 
site and manner of involvement is the determining 


farts ANGIOMA OF BONE (Fig. 129). Angiomatous 

ae "in a case reported by Jones dense bone ossi- growths usually involve the cancellous structure of 
bone. They are most commonly encountered in the 

aa ae eee = vertebral bodies and skull, but may occur in the long 

chat casual ae Ossification was confined to vone* 

this finger and was due to an overgrowth of cortical Epentyenog rephicaly (te concion sony re 


recognized in the vertebral type by enlargement of 
iets resembled closely a melorrheostosis the cancellous channels of the bone, thinning of the 


Microscopically whole finger was involved septa and a consequent reduction in density of the en- 


tire bone (Fig. 129A). Cranial bone involvement 
along cartilagenous s undergoing calcification. causes a peculiar stellate arrangement of the dilated 


BENIGN CHONDROBLASTOMA. Very rarely channels in the bone; when present in this location 
(Geschickter and Copeland give the incidence as 5 in they frequently are associated with angiomas of the 
2000 cases), benign chondromas affect the end of the scalp and brain (Fig. 129B). These are the types 
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most commonly encountered. Clusters of rounded 
defects, frequently in the occipital or parietal bones, 
may be due to large venous lakes of blood vessels. 
Very rarely the shaft of a long bone is involved with 
thin-walled, multiple, expanded lesions due to an- 
gioma; these are frequently referred to as bone 
aneurysms when they involve the shaft or end of a 
long bone they usually show irregular asymmetrical 
expansion and when they involve the vertebrae they 
cause extensive destruction, Because of its appear- 
ance it has been described as “soap bubbly,” re- 
sembling giant-cell tumor. Lesions which resemble 
multiple hemangiomata have been encountered in the 
metaphyseal regions of the long bones, associated 
with Letterer-Siewe'’s Disease in infants under two 
years of age. 

Ewing recognizes both benign cavernous and 
plexiform antiomas and malignant angioendothelioma. 
Expansion of such angiomas may encroach on adja- 
cent structures such as the spinal cord causing sec- 
ondary symptoms from pressure, (Foster and Heub- 
lein). 

Large cavernous areas filled with blood have 
been reported as hemorrhagic bone cysts, bone aneur- 
ysms or hemorrhagic giant-cell tumors. = 

Rare cases of multiple angiomatous involvement 
of long bones have been reported, (Ackerman and S. 
Hart). 

At their onset they cause no clinical symptoms; 
by the time attention is drawn to them they have pro- 
duced large vacuolated areas in the expanded ends of 


the long bones. 
As time goes on 
heavy trabeculae 
form, traversing 
the cavernous 
spaces; originat- 
ing in the regions 
of the nutrient 
vessels they radi- 
ate in all direc- 
tions like a “sun- 
burst.” Still later 
solid fibrous tis- 
sue fills in the 
blood spaces 
causing eventual 
removal of the 
blood sinuses. 
These processes 
may recede under 
the influence of 
roentgen therapy. 


ae ee 





Fig. 129A 


PRIMARY MALIGNANT TUMORS OF BONE 


The classification of malignant tumors of bone 
adapted by the Registry of Bone Sarcoma of the 
American College of Surgeons, (Ewing), 1939 revised 
edition is as follows: 
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MALIGNANT BONE TUMORS 


4. Angioma Series 
a) angio-endothe- 


1. Osteogenic Series 
a) medullary and subperiosteal 


b) telangectatic lioma 

c) sclerosing b) diffuse endothe- 

d) periosteal lioma 

e) fibrosarcoma, medul- 5. Myeloma Series 
lary, subperiosteal a) plasma cell 


b) myelocytoma 

c) erythroblastoma 

d) lymphocytoma 
6. Reticulum -cell 

Sarcoma 


2. Chondroma Series 
a) chondrosarcoma 
b) myxosarcoma 

3, Giant-Cell Tumors 
a) benign, malignant 

7. Liposarcoma 





Fig. 129B 


The main classification is based on histogenesis 
indicating the type of cells of which the tumor is com- 
posed and in this respect is excellent but designation 
of the subvarieties seems very confusing; it certainly 
does not “lend itself to the practical needs of the ra- 
diologist.” This is because tumors of the same cell 
type may occur in many locations in the bone, and 
often, present marked variations in their appearance 
depending upon their location and the structures 
which they involve. For this reason it still seems 
desirable to classify the subvarieties of tumors ac- 
cording to their roentgenological manifestations (see 
attached chart, “Roentgen Analysis of Bone Malig- 
nancy”; pp. 191-2 under Type of Tumor and Cells). 

Since there is no epithelial structure in bone 
there can be no primary growth of carcinomatous 
type arising from the bone; any primary malignancy 
must be sarcomatous or endotheliomatous in nature. 
Any malignant tumor therefore arising from bone 
structures may be designated as Osteogenic Sarcoma. 


PERIOSTEUM. OSSIFYING OSTEOGENIC 
SARCOMA; *(designated by Registry of Bone Sarcoma 
as, “Medullary and Subperiosteal”) (Fig. 130A, notto 
be confused with Periosteal Sarcoma of the Registry). 
Ossifying periosteal sarcoma is a rapidly growing, 
very malignant tumor. Microscopically it is of the 
small round-cell type springing from the osteogenetic 
layer of the periosteum. It occurs inespecially healthy 
individuals and in many instances follows trauma 
usually of a bruising nature. It is usually attendant 
with pain and disability. It grows rapidly and within 
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TUMORS OF BONE 


bone production. These tumors likewise are very 
rapidly growing and very fatal, metastasizing freely 
to other structures. 


MEDULLARY CANAL 


OSTEOLYTIC SARCOMA—RAPIDLY GROWING* 
(Fig. 132A). Sarcomas arising from the medullary 
canal are either rapidly growing or slowly growing in 
character. Rapidly growing osteolytic sarcomas of 
bone cause some pain and disability. Microscopically 
they are composed of spindle cells and abortive osteo- 
blasts. Originating in the medullary canal, their 
growth is so rapid that they literally sweep the cor- 
tical bone before them as their growth proceeds, giv- 
ing no time for expansion of the bone or even for bone 
atrophy. 

Roentgenographically they present a central 
area of destruction in the shaft, usually near the end 
of along bone, with one side of the cortex swept away 
as the tumor advances to invade the soft parts. There 
is no periosteal reaction or other indication of new 
bone formation. 

These tumors are very malignant and few indi- 
viduals suffering from them are ever saved by ampu- 
tation or any other procedure. 

The Bone Registry does not recognize this type 
of osteolytic lesion as a separate bone tumor entity 
but feels that the cell type is essentially the same as 
in bone producing types of sarcoma and that the 
osteolytic characteristics are produced by conditions 
of growth and environment. What ever the reason it 
certainly gives different roentgen characteristics. 


OSTEOLYTIC SARCOMA—SLOW-GROWING* 
(Fig. 132B). Slower-growing osteolytic sarcoma 
originating centrally produces much the same picture 
as the rapidly growing type with the following excep- 
tions: 
1, that the slow-growing character of the tumor 
permits expansion of the cortex, and 





Fig. 132A Fig. 132B 


2. the cortex is not broken through until later in 
the course of the disease and then never in 
such a sweeping manner. There is little if 
any periosteal reaction. 
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Microscopically these tumors are of abortive 
osteoblasts and spindle cells. Their appearance is 
similar to other slow-growing benign lesions of bone 
such as cyst, chondroma, giant-cell tumor, and great 
difficulty may be experienced in their differentiation. 
Precious time may therefore be lost; in any doubtful 
case a biopsy should be taken. 


GIANT-CELL SARCOMA-MALIGNANT DE- 
GENERATION. Some authors have experienced ma- 
lignant changes and metastatic involvement in giant- 
cell growths which they ascribe to a malignant de- 
velopment in these growths. Geschickter and Cope- 
land feel that this is apt to occur in a giant-cell tumor 
after improper treatment with the development of true 
osteogenic sarcoma. 


CHONDROBLASTIC SARCOMA. This is a tumor 
of medullary origin characterized by a rounded area 
of bone destruction occurring in the cancellous end of 
the bone near the site of former epiphyseal line. Ex- 
pansion of the bone may or may not be present indi- 
cating the rapidity of growth of the tumor. If the cor- 
tex is eroded through there may be some periosteal 
bone formation. 

Microscopically these tumors are composed of 
young cartilage cells although some giant cells are 
found near the margin. 

Of this group giant-cell tumor, chondroblastic 
sarcoma and myeloma are the only ones showing any 
evidence of benefit by X-ray treatment. In most in- 
stances the growth can be checked, in some instances 
actual regression occurs. Radical surgery is not or- 
dinarily necessary for relief of giant-cell tumor. 
X-ray treatment is ordinarily all that is necessary 
for giant-cell tumor, but for chondroblastic sarcoma 
surgery should be the method of choice. 


MYELOMA* (Fig. 132C). A myeloma is a tumor 
arising from the various cellular elements of the bone 
marrow; large and small lym- 
phocytes, granular leukocytes 
and nucleated red cells. The 
recognized types of myeloma 
(Ewing) are: 

1, Plasma cell myeloma; 

Z. Myelocytoma, derived 
from granular leuko- 
cytes; 

3. Lymphocytoma, derived 
from lymphocytes; 

4. Erythroblastoma, de- 
rived from nucleated 
red cells. 

This condition may be pres- 
ent for a long time without mani- 
festation of tumor masses in the 
bone, indeed recent work would 
indicate that only a small per- 
centage of these cases (10 to 15 
per cent) ever show roentgen 
evidence of bone destruction from 
tumors. In such cases reliance 
must be placed therefore upon 
sternal puncture for diagnosis. 
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The presence of Bence-Jones protein in the urine con- 
firms the diagnosis when found but unfortunately these 
bodies are present in only a small percentage of cases; 
hyperglobulinemia is frequently present. Bence- 
Jones protein is only present in 65% of all instances. 

Tumor masses, when present, may appear si- 
multaneously over widespread areas throughout the 
bony structures suggesting the possibility of multiple 
origin “multiple myeloma” or a single larger tumor 
may be the only indication of initial involvement, 
(Blum). 

Roentgenographically the multiple type of mye- 
loma presents numerous rounded areas of destruc- 
tion in the bone, varying from a few millimeters to a 
centimeter in diameter having a smooth almost 
punched-out appearance. There is ordinarily no 
periosteal reaction and the bone is rarely weakened 
enough to cause spontaneous fracture. They usually 
cause widespread involvement of the skull, spine, 
ribs, pelvis and long bones. The bones of the hands 
may also be involved. The multiple small punched- 
out areas produced in the skull produce an appear- 
ance which is almost characteristic. In the spine 


especially the cancellous bone structure may take on 
an appearance of coarse accentuation of trabeculae. 


An unusual case has been reported, (Krainin, et al.) 
showing radiating type of 
bone formation throughout 
the entire shaft. 

The disease usually 
occurs in young adults but 
rare cases have been re- 
ported in children. The 
roentgenological manifes-= 
tations are very similar in 
the long bone lesions but in 
the vertebrae the destruc- 
tive process is so great 
that the vertebral bodies 
become almost completely 
flattened, (Jansson). 
Atypical forms of myeloma 
may occur in which larger 
solitary tumor masses ap- 
pear in one or more bones; these cannot be differ- 
entiated by roentgen examination alone from other 
types of solitary osteolytic tumor such as that 
shown in Fig. 132D. 

A case of multiple myeloma with extraosseous 
lesions is reported by Gilroy and Adams. 

One of these lesions simulated a bronchogenic 
carcinoma or a lymphoma radiographically and for 
a time these diagnoses were considered. 

The frequency of extraosseous lesions in mul- 
tiple myeloma is emphasized. 





Fig. 132D 


RETICULUM CELL SARCOMA (Fig. 132D) 
when fully developed may give the picture of a soli- 
tary expanding central growth near the end of a long 
bone; the roentgen picture does not differ at this 
stage from any other type of slow growing central 
tumor. It is rounded or ovoid in the beginning when 
it occurs in the ends, and fusiform when it occurs 
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in the shafts of long bones. As it progresses it 
grows between the trabecular structure up and down 
the shafts producing a mottled irregular shaggy ap- 
pearance of the bone; there is only slight periosteal 
reaction. It may involve the soft parts; the tumor 
may be bulky and there may be great pain. This 
form of tumor has proved very sensitive to radiation 
therapy, (Sherman and Snyder). Instances in which 
this type of tumor originated in the skull have been 
reported by Strange and de Lorimier. A study of 

33 cases has been undertaken by Wilson and Pugh. 


EWING’S ENDOTHELIOMA,; (Diffuse Endothe- 
lioma of Bone; endothelial myeloma) (Fig. 133). It 
is now recognized by most observers that Ewing’s 
tumor is a definite entity. There are still some who 
maintain that histologically it cannot be differentiated 
from reticulo-sarcoma of bone, (Magnus and Wood). 
Clinical signs and behavior however serve to differ- 
entiate between the growths. 

This is essentially a disease of childhood, 
over half of the cases occurring before twenty years 
of age. In a series of 111 cases only 5 occurred 
beyond 30 years of age, (Sherman and Soong). 

The long bones are most 
frequently involved, approximately 
50%, but the small bones of the 
foot and flat bones of the pelvis 
and skull are also frequently in- 
volved. The midportion of the 
shaft is most frequently involved 
although there may be involvement 
of the metaphyseal resion or even 
the epiphysis. 

Clinically the onset is not 
as severe, the pain is not as great 
as in other bone tumors and the 
growth is not as rapid. There 
may be associated fever giving 
the impression of an osteomyelitic 
involvement. Metastases may oc- 
cur to distant points, such as the 
skull or other bony structures, or 
the lungs. 


pocmgenclog cally: the 
characteristics of the tumor vary 
somewhat depending probably 

upon the influence of the bony 
structure of the various locations 
in which the tumor arises. There 
may be diffuse involvement of a 
large part of the shaft of the bone. 
The marrow space enlarges giving 
the impression more of a diffuse 
swelling than localized expansion 
of the shaft seen with other slow-growing tumors of 
endosteal origin. Bone absorption from central pres- 
sure and destruction may progress to the point where 
barely an outline remains of the bony cortex. Peri- 
osteal reaction of the parallel type occurs over the 
site of involvement and often shows a rather charac- 
teristic layer upon layer appearance “like the layers 





Fig. 133 
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of an onion”. The amount of periosteal reaction 
varies depending upon the rapidity of the growth; it 

is especially pronounced after radiation therapy and 
may give an appearance suggestive of sclerosis of 
the shaft. Periosteal bone formation is never of the 
trabeculated type seen in giant-cell tumor. The cor- 
tex may be perforated and the tumor may break 
through forming a bulky mass in the soft tissues; the 
periosteal bone may appear to end free in the tissues. 

A few instances have been recorded where pa- 
tients with tumors have survived a five-year period 
after radiation therapy alone or in combination with 
amputation or other treatment. Winham has reported 
a case of primary rib involvement with metastases 
to the lung with ten-year survival. 

Often a hematoma of bone may be without car- 
tilage or bone. Often no periosteal involvement, other 
bones may not show unusual findings. 

Ackerman has illustrated a case with periosteal 
elevation over lower radius which gave all character- 
istics of a malignant growth; on section proved to be 
subperiosteal hematoma. 


NON-OSSIFYING PERIOSTEAL FIBROSARCO- 
MA. A well recognized type of osteogenic tumor 
arising from the outer fibrous layer of the peri- 
osteum. 


Since this periosteal layer is not con- 
cerned with bone formation these tumors do not show 


iosteal new bone. The designation of these tumors 
= the Registry as Periosteal Sarcoma (1d) is apt to 
cause confusion among radiologists who reserve this 
unqualified term for tumors associated with radiating 
periosteal new bone formation. The bony structure 
remains intact and does not show destruction. The 
tumor mass closely connected with the bone can be 
palpated in soft parts; it may, by pressure, leave its 
imprint upon the bone or may even displace adjacent 
bones by its growth. It may metastasize to other 
bones or to the lungs; very few individuals suffering 
with this condition are ever saved even by radical 
amputation. 

Ewing, describes these tumors as being, “ of 
spindle cell structure, showing varying grades of 
malignancy, absence of bone production, peculiar met- 
astatic tendencies, presenting such notable specific 
features as to require recognition as a separate type 
of bone sarcoma. The origin from the outer layer of 
the periosteum and preservation of the shaft, serve to 
distinguish it roentgenographically from the distruc- 
tive forms of bone tumors.” 

There is a remarkable predelection of the tumor 
to produce multiple metastases in the periosteum of 
many other bones, a feature rather exclusively enjoyed 
by this process and suggesting peculiar physiological 
properties. 


EXTRAOSSEOUS OSTEOGENIC SARCOMA. A 
very rare type of osteogenic tumor which arises in 
the soft parts from remnants of bone-forming tissues 
remaining from the developmental period. They are 
characterized by dense, irregular masses of bony 
tissue occurring in the soft parts well apart from the 
normal bony structure; they appear to start from 
numerous foci simultaneously. They are very rapidly 
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growing, metastasizing to the regional lymph nodes 
and to the liver and spleen. About 60% of osteoid ex- 
traosseous deposits are malignant. X-ray therapy 
has only palliative effect. 


ADAMANTINOMA (AMELOBLASTOMA). Ada- 
mantinomata occur principally in the mandible. Oc- 
casionally however such tumors are found in the 
shafts of long bones especially the tibia. Here, as in 
the mandible, they tend to remain localized showing 
indication of their malignancy only in their tendency 
to recur if not completely removed. Morgan and 
Mackenzie have reported a case in which metastasis 
to a rib occurred 22 years after amputation of the 
leg for the primary growth in the tibia. 


Five-Year Survivals after Treatment of Malig- 
nant Bone Tumors. It is generally accepted that high 
amputation is the treatment of choice. Even this 
method holds scant hope of survival. Coley and Har- 
rold have analyzed 59 cases of osteogenic sarcoma 
with five-year survival, principally after amputation. 
X-ray therapy does not seem to be curative; however, 
there can be no doubt of its palliative value in relief 
of pain by checking growth, and prolongation of life. 
There are indications that intensive preoperative 
x-ray therapy to produce a stage of quiescence in 
tumor growth, followed by amputation, holds greater 
hope of ultimate cure than immediate operation without 
x-ray therapy. Some instances of survival have oc- 
curred following local resection only. Tudway has 


concluded therefore that: 
1. Deep x-ray therapy in high dosage followed 


by local resection should be given serious 

trial especially; 

a) in the upper limb 

b) in the group with atypical clinical or radio- 
graphic signs or histology; resembling that 
of inflammatory lesions 

c) with grade I histology 

d) in the young 

2. Deep x-ray therapy followed by amputation 
should be used for osteogenic sarcoma if; 

a) local resection would leave a lower limb 
more unsuitable than an artificial leg, 

b) response to x-ray therapy is poor 

3. Deep x-ray therapy alone should be used: 

a) if the patient is unsuitable for or refuses 
operation, and, 

b) palliatively if, metastases are present or 
the tumor is too advanced or the patient is 
not fit for radical treatment 

4. Amputation alone should be used, palliatively 
for pain or fungation, when x-ray therapy has 
failed to relieve or is not obtainable, 

5. Biopsy and histological grading must be per- 
formed in every case. A histological diag- 
nosis is most important 

6. Records of every case should be sent and 
discussed by a group with special experience 
in tumors. 
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EXPLORATION OF MALIGNANT GROWTHS. 
Such a large percentage of malignant tumors of 
bone are fatal, no matter what type of therapy is 
instituted, that there can be little likelihood of 
rendering this prognosis less favorable by explora- 
tion and biopsy. This should be done in every case 
before radical operation is undertaken; if little can 
be accomplished toward cure of malignancy, surely 
no harm should be done by unnecessary mutilating 
operations. 

Numerous instances have been pointed out 
where bone lesions, thought to be malignant, might 
have been needlessly subjected to amputation, 
(Brailsford). If amputation is decided upon, it will 
have a greater opportunity for success if it is per- 
formed in the quiescent period after x-ray therapy 
during the stage of suspension of active growth. 

Furthermore, reliance upon a single roent- 
genogram or upon the opinion of a single radiologist 
is hazardous in any instance. The same may be said 
concerning the interpretation of the microscopic sec- 
tion; only pathologists well trained in bone pathology 
are competent to make the final decision. Holt 
assembled a group of unusual tumors in infants and 
children which illustrate the difficulty in roentgen 
diagnosis in many cases. 


METASTATIC TUMORS OF BONE 


The spread of malignant new growths by way 
of the vascular and lymphatic channels is a self- 
evident fact; but the occurrence of brain metastases 
from some remote primary growth or of bone 
metastases without involvement of the lung was for a 
long time an inigma. Batson’s research on the 
venous channels of the spine and vertebral system 
however has elucidated the method by which the 
lungs may be bypassed in this procedure. He has 
found that the vertebral veins form a channel from 
the pelvic vessels from one end of the body to the 
other thus permitting this to occur. 

Alizarin Red S., a well known vital staining 
substance for growing bone, was injected intrave- 
nously into adult patients with metastatic malignant 
bone lesions of the osteolytic and osteoplastic type. 
This was the first use of an intravital staining meth- 
od in patients. 

Portmortem examination showed that the 
metastatic bone foci were stained intensively. 

Schorr et al. have shown that there exists an 
active new bone formation in and around malignant 
bone lesions even when these are predominantly 
osteolytic. The newly formed bone trabeculae seen 
by this vital staining method are thickened and ir- 
regular, and invade the destroyed areas. The old 
trabeculae were not stained, whereas the newly 
formed bone in apposition to the old tissue was 
stained intensively. The difference between osteo- 
lytic and osteoplastic foci in respect to new bone 
formation as demonstrated by alizarin staining is 
only quantitative. 


METASTATIC SARCOMA. Secondary sarcoma- 
tous growths, metastatic in bone usually take on the 
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characteristics of the primary growth. They usually 
produce destructive lesions without bone reaction or 
repair. 


METASTATIC CARCINOMA IN BONE. Carci- 
nomatous metastases in bone are of two varieties: 
osteoblastic and osteoclastic. 


OSTEOBLASTIC CARCINOMATOUS METASTA- 
SES* (Fig. 134A) show definite rounded cotton-ball- 
like areas of bone condensation throughout the bony 
structure especially in the cancellous areas. These 
may become confluent producing a chalky white 
sclerotic appearance of the bone. In the vertebral 
bodies and bones of the pelvis this appearance often 
cannot be differentiated from Paget’s Disease. 

They are most frequently found as secondary 
growths from the denser types of cancer, such as 
scirrhus carcinoma, especially carcinoma of the 
prostate. 





OSTEOCLASTIC CARCINOMATOUS METASTA- 
SES* (Fig. 134B), as its name implies, shows multi- 
ple destructive lesions throughout the bones without 
expansion or periosteal reaction. They usually fol- 
low the softer adenomatous types of carcinoma es- 
pecially carcinoma of the breast, and therefore occur 
more frequently in women. 

Rare cases have been noted where heterotopic 
ossification occurred in an area of metastatic carci- 
noma of the rectum. Ossification of such soft part 
metastases for ordinarily soft or osteoclastic types 
of aes is difficult to understand. (Senturia, 
et al). 

Harper has noted that extensive osteolytic 
metastases trom breast cancer to bone often show 
marked filling in of the destroyed areas in bone, with 
sclerotic bone formation, after surgical hormonal 
therapy, (oopherectomy); this is not an invariable 
response however. He illustrates cases of extensive 
irregular involvement of pelvis, and rounded, smooth 
lesions in femur and acetabulum which filled in 
smoothly with new bone formation. 
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EXPLORATION OF MALIGNANT GROWTHS. 
Such a large percentage of malignant tumors of 
bone are fatal, no matter what type of therapy is 
instituted, that there can be little likelihood of 
rendering this prognosis less favorable by explora- 
tion and biopsy. This should be done in every case 
before radical operation is undertaken; if little can 
be accomplished toward cure of malignancy, surely 
no harm should be done by unnecessary mutilating 
operations. 

Numerous instances have been pointed out 
where bone lesions, thought to be malignant, might 
have been needlessly subjected to amputation, 
(Brailsford). If amputation is decided upon, it will 
have a greater opportunity for success if it is per- 
formed in the quiescent period after x-ray therapy 
during the stage of suspension of active growth. 

Furthermore, reliance upon a single roent- 
genogram or upon the opinion of a single radiologist 
is hazardous in any instance. The same may be said 
concerning the interpretation of the microscopic sec- 
tion; only pathologists well trained in bone pathology 
are competent to make the final decision. Holt 
assembled a group of unusual tumors in infants and 
children which illustrate the difficulty in roentgen 
diagnosis in many cases. 


METASTATIC TUMORS OF BONE 


The spread of malignant new growths by way 
of the vascular and lymphatic channels is a self- 
evident fact; but the occurrence of brain metastases 
from some remote primary growth or of bone 
metastases without involvement of the lung was for a 
long time an inigma. Batson’s research on the 
venous channels of the spine and vertebral system 
however has elucidated the method by which the 
lungs may be bypassed in this procedure. He has 
found that the vertebral veins form a channel from 
the pelvic vessels from one end of the body to the 
other thus permitting this to occur. 

Alizarin Red S., a well known vital staining 
substance for growing bone, was injected intrave- 
nously into adult patients with metastatic malignant 
bone lesions of the osteolytic and osteoplastic type. 
This was the first use of an intravital staining meth- 
od in patients. 

Portmortem examination showed that the 
metastatic bone foci were stained intensively. 

Schorr et al. have shown that there exists an 
active new bone formation in and around malignant 
bone lesions even when these are predominantly 
osteolytic. The newly formed bone trabeculae seen 
by this vital staining method are thickened and ir- 
regular, and invade the destroyed areas. The old 
trabeculae were not stained, whereas the newly 
formed bone in apposition to the old tissue was 
stained intensively. The difference between osteo- 
lytic and osteoplastic foci in respect to new bone 
formation as demonstrated by alizarin staining is 
only quantitative. 


METASTATIC SARCOMA. Secondary sarcoma- 
tous growths, metastatic in bone usually take on the 
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characteristics of the primary growth. They usually 
produce destructive lesions without bone reaction or 
repair. 


METASTATIC CARCINOMA IN BONE. Carci- 
nomatous metastases in bone are of two varieties: 
osteoblastic and osteoclastic. 


OSTEOBLASTIC CARCINOMATOUS METASTA- 
SES* (Fig. 134A) show definite rounded cotton-ball- 
like areas of bone condensation throughout the bony 
structure especially in the cancellous areas. These 
may become confluent producing a chalky white 
sclerotic appearance of the bone. In the vertebral 
bodies and bones of the pelvis this appearance often 
cannot be differentiated from Paget’s Disease. 

They are most frequently found as secondary 
growths from the denser types of cancer, such as 
scirrhus carcinoma, especially carcinoma of the 
prostate. 





OSTEOCLASTIC CARCINOMATOUS METASTA- 
SES* (Fig. 134B), as its name implies, shows multi- 
ple destructive lesions throughout the bones without 
expansion or periosteal reaction. They usually fol- 
low the softer adenomatous types of carcinoma es- 
pecially carcinoma of the breast, and therefore occur 
more frequently in women. 

Rare cases have been noted where heterotopic 
ossification occurred in an area of metastatic carci- 
noma of the rectum. Ossification of such soft part 
metastases for ordinarily soft or osteoclastic types 
of oe is difficult to understand. (Senturia, 
et al). 

Harper has noted that extensive osteolytic 
metastases trom breast cancer to bone often show 
marked filling in of the destroyed areas in bone, with 
sclerotic bone formation, after surgical hormonal 
therapy, (oopherectomy); this is not an invariable 
response however. He illustrates cases of extensive 
irregular involvement of pelvis, and rounded, smooth 
lesions in femur and acetabulum which filled in 
smoothly with new bone formation. 
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BONE METASTASES FROM HYPERNEPHRO- 
MA. Metastatic lesions from hypernephroma may 
produce an unusual type of lesion in bone. Such 
tumors are osteolytic, forming large areas of bone 
destruction within the medullary canal of a long 
bone, and osteoblastic as well, due to thickening of 
the bone trabeculae. The edges of the destroyed 
areas are not sharply defined but show irregular 
margins due to infiltration of the trabeculae which 
extends to the very edge of the bony cortex. Thick- 
ened septa give rise to an internal pattern made up of 
loculations which may pulsate. The tumor grows 
rapidly so that little if any bone atrophy has time to 
develop. 


BONE METASTASES FROM HEPATOMA. Pri- 
mary hepatomas are very rare; bone metastases 
from such tumors are even more unusual. They form 


bulky osteolytic tumors in bone which are in no way 
characteristic. 


Roentgen study of 33 patients with histologically 
proved melanoma metastasizing to bone were found to 
have the following characteristics, (Selby, et al.): 

The roentgen appearance of bone metastases 
from melanoma is not specific, but they are usually 
osteolytic, oval in shape, medullary in location and 
show cortical destruction. A few of the metastases 
in this series presented unusual features of sclerosis 
and a bulky soft tissue mass. 

Melanoma metastases are more likely to occur 
in flat bones. In somewhat less than half of the cases 
observed there was a soft tissue component. 


BONE METASTASES FROM NEUROBLASTOMA 
(SYMPATHETICOBLASTOMA). These rather rare 
tumors may arise wherever sympathetic nerve tissue 


adrenal medulla in children under five years of age. 
As a rule the primary growth is suspected only after 
metastases are found. These have a predilection 
for the liver and for the skull and long bones, but 
they may occur in the chest and other locations also. 

Metastatic bone lesions from neuroblastoma 
produce small, ill-defined areas of cortical destruc- 
tion in the ends of the long bones, in the diaphysis 
usually without periosteal reaction, which have as a 
distinguishing feature their symmetrical distribution, 

or instance, the lower ends o emurs, and upper 
ends of the humeri which are the most common site 
of involvement. If the periosteum is stripped up by 
tumor growth of either the parallel or radiating type 
may develop. If this disease is widespread then this 
symmetrical distribution is not such a striking 
feature; spine or pelvis may be involved. Skull in- 
volvement shows a granular blotchy appearance with 
cyst-like bumps in the cranial bones; there is usually 
an increase in intracranial pressure from a layer of 
tumor tissue between the brain and the skull bones; 
this causes wide separation of the sutures without 
convolutional atrophy, a point in differentiation o1 
this type of tumor. This is not a point of absolute 
differentiation, however, since certain granulomatous 
lesions, such as eosinophilic granuloma, may produce 
the same lesion. Spinal involvement, destruction of 
vertebral body with collapse, widening of the disc, 
paravertebral extension of the process resembling 
paraspinal abscess such as that seen in connection 
with tuberculosis of the spine, are the principal mani- 
festations of the disease. 

An abdominal tumor may be present from in- 
volvement of the adrenal or liver; such tumors may 
be associated with calcification. 

A recent report by Hansman and Girdany on 
30 patients with neuroblastoma indicated that there 
was widespread involvement; in more than 25% of the 
cases there was abdominal involvement with displace- 
ment of abdominal organs. 

Evidence of cortical destruction was an early 
finding: the corticles of the medial, distal metaphyses 
of the femora and the lateral aspects of the proximal 
tibiae were often affected. Later, manifestation was 
subperiosteal new bone reaction with parallel lines 
of calcium density along the bone margins. Radiating 
perpendicular spicules of new bone were also noted. 

Bone metastases occurred oftenest in skull and 
femora. 

Study of forty cases at the Boston Children’s 
Hospital has shown that the hopeless prognosis usu- 
ally given is not justified; roentgen therapy may re- 
sult in regression or even cure, (Wyatt and Farber). 
Seaman and Eagleton have likewise stressed the use 
of radiation therapy in this condition and indicate that 
in their experience also this condition is by no means 
hopeless. A more recent study by Sherman and 
Leaming based on 34 cases reveals a wide variety of 
bone involvement. 


BONE CHANGES IN MALIGNANT LYMPHOMA 
(Coles and Schulz). The following classification of 
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Malignant Lymphomata is offered by Jackson and 
Parker: 


Reticulum cell sarcoma 

Lymphosarcoma 

Hodgkin’s granuloma 

Hodgkin’s sarcoma 

Giant follicular lymphoma 

Thirteen percent of these conditions show bone 
involvement. 


Reticulum Cell Sarcoma may be primary in 
bone or it may present seco y lesions (see Pri- 
mary Tumors of Bone for characteristics of Reticu- 
lum Cell Sarcoma). 

The secondary lymphomatous lesions of the 
others may show similar lesions. 


Bone Lesions of Hodgkin’s Disease. There is 
certain similarity between the bone manifestations of 
Hodgkin’s Disease and those of metastatic malignancy. 
Thus in the manner of spread to the bones either con- 
dition may be by direct lymphatic extension or by the 
blood stream. The commonest sites in either con- 
dition are in bones having a rich blood supply. The 
bones most frequently involved are the vertebrae, 
pelvis, femur and sternum. Any of the other bones 
may be involved, however. 

Only rarely are the bones involved in Hodg- 
kin’s Disease. Pain may or may not precede bone 
involvement; it may be of dull aching or severe 
lancinating type. It is produced either by invasion 
of nerve trunk or direct invasion of the bone. 

Bone involvement occurs late in the disease and 
usually indicates terminal stage. 


PATHOLOGICAL AND RADIOLOGICAL MANI- 
FESTATIONS. There is nothing characteristic 
roentgenographically in the bone lesions which 
might be considered as pathognomonic of malignant 
lymphoma. The lesions are either destructive or 
productive or both car- 
tilage is not involved 
and the joint is not in- 
vaded. In the long bones, 
the involved portion is 
usually near the proximal 
end. The condition may 
progress to involve the 
entire bone. Skull 
roentgenograms reveal 


both osteoclastic and 
osteoclastic reactions, 


the latter predominating 
with the areas of de- 
struction surrounded by 
zones of increased den- 
sity of varying degrees. 

The lesions have 
been classified into four 
groups: 

1. Osteoclastic 

2. Osteoblastic 

3. Combined 

4. Indifferent 

The changes rep- 
resented by the first 
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three types are self-evident; the fourth type is dis- 
cerned only with the microscope. In the indifferent 
type the bone marrow is replaced by lymphogranu- 
lomatous material without sufficient change to pro- 
duce roentgen findings. 
It will be noted that these exclude leukemias 

and the disease which is termed paragranuloma by 
Jackson and Parker. 


TUMORS IN SPECIAL LOCATIONS 


EFFECT OF SOFT PART TUMORS ON BONE. 

Soft part tumors, regardless of their nature, 
may cause pressure atrophy or destruction if in 
close proximity to the bone. This is especially true 
if the tumor mass pulsates, such as an aneurysm. 

Aortic aneurysms produce pressure destruc- 
tion of the anterior vertebral margins, eroding first 
the less dense cancellous bone, followed later by the 
dense plates of cortical bone which form the upper 
and lower margins of the vertebrae. Aneurysm of 
the interosseous vessels in the leg causes pressure 
erosion and shaggy periosteal proliferation which 
may even be mistaken for periosteal new growth; 
usually both bones bear evidence of the reaction. 


Pressure of a soft part sarcoma or a non- 
ossifying periosteal sarcoma arising from the non- 
osteogenetic layer of the periosteum may cause 
similar erosion of the adjacent bone. Slight perios- 
teal reaction within the area of involvement from 
vascular and lymphatic stasis may serve to confuse 
the picture. 

Nerve tissue nodules which occur in neuro- 
fibromatosis cause pressure erosion wherever they 
come into close proximity with the bone, such as 
the notching of ribs caused by development of such 
nodules along the intercostal nerves. 

Glomus tumor of the neurovascular organs at 
the ends of the fingers give rise, through constant 
pressure, to scalloped-out pressure defects on the 
sides of the terminal phalanges, (Schulz). 


TUMORS OF THE SKULL. Tumors arising 
in the skull both benign and malignant are very 
rare. The most frquent benign tumor arising 
from the cranial bones is the osteoma. These 
present dense rounded bony structures from 1/2 
cm. to 9 or 10 cm. in diameter. These may 
spring from the bone at any place, either growing 
outward producing unsightly deformity of the 
skull, or inward into the cranial cavity. It is 
surprising what size these intracranial osteomata 
can attain with relatively little symptom. The 
most frequent location is within an accessory 
nasal sinus, usually the frontal sinus. When they 
occur in this location unless they interfere with 
drainage, they cause little trouble, (see nasal 
sinuses). Other rarer tumors are osteochondroma, 
giant-cell tumor, fibroma, angioma, dermoid cyst and 
teratoma. 

Malignant tumors arising in the skull may be 
of any type found in long bones and present simi- 
lar roentgen findings. Those having special 
characteristics are considered in relationship 
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with the most important structures which they in- 
volve or are associated with; such as meningioma, 
osteogenic sarcoma, fibrosarcoma, chloroma and 
occasionally echinococcosis of bone. 


CHORDOMA; DUMBBELL TUMOR. By reason 
of its origin in the spinal cord, and tumors which 
originate within the spine finding egress through the 
vertebral foramina, so called dumbbell tumors affect 
the bony structure merely by pressure erosion and 
will be considered under spinal lesions (q.v.). 


Tumors of the Jaw 
The most important tumors of this region are 
taken up in connection with the teeth. 


Value of Arterio hy in Diagnosis of Bone Tumors 
The advantage of arteriography in bone tumors 
for determining the extent of the growth and the 
character of the structure has been emphasized by 
Chiappa et al. and by Strickland. These authors 
are in agreement that this examination is a simple, 
harmless procedure which rarely upsets the patient 
and may materially assist in the diagnosis. 

“The majority of primary malignant bone tu- 
mors show arteriographic evidence of malignancy 
(pathological vessels, tumor lakes, arteriovenous 
anastomoses, abrupt termination to an otherwise 
normal artery, straight veins coursing at right 
angles to the normal flow of venous blood and nests 
of small vessels encircling the periphery of an area 
of relative avascularity due to necrotic tumor). A 
normal arteriogram, however, does not exclude 
malignant change; in 2 of the 33 primary bone tu- 
mors the arteriogram was normal although the tu- 
mor was malignant. 

“Chordomas, osteomas, chondromas and re- 
lated tumors show no abnormal features in the ar- 
teriographic picture. Chondrosarcomas, fibrosar- 
comas and slowly growing reticulum cell sarcomas 
may give a deceptive appearance of innocence in the 
early stages of their malignancy. Osteoclastomas 
may give rise to a very variable arteriographic pat- 
tern, the very vascular innocent type may be easily 
confused with the type showing early malignant 


e. 
“The vascularity of a metastasis is roughly 
proportional to the vascularity of the primary; how- 
ever, the site of the primary cannot be deduced from 

the vascular pattern of the metastasis. 

“It is not usually possible to differentiate be- 
tween primary and metastatic bone tumors or be- 
tween different types of primary bone tumor from 
the arteriographic appearance alone. 

“In addition to its place in helping to differen- 
tiate between benign and malignant bone tumors, 
arteriography is of greatest value in defining the ex- 
tent of lesions prior to radiation therapy or surgery, 
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in bone involvement by soft tissue neoplasms and in 
determining the onset of malignancy in a tumor pre- 
viously thought to be benign. 

“ As might be expected, radiotherapy affects the 
vascular pattern of malignant bone tumors to a 
marked degree and this can be demonstrated quite 
dramatically by arteriography. It seems to the 
author, however, that no useful information can be 
gained by arteriography of a tumor which has re- 
ceived a substantial dose of radiation. In fact, the 
conclusions likely to be drawn may constitute a 
positive danger from imparting a false sense of 
security. 

Although percutaneous arteriography cannot 
replace biopsy in the diagnosis of tumors of bone, 
it must be emphasized that this examination may 
materially assist in the diagnosis. 


“ Reflecting the great interest in arteriography of 
the extremities for the diagnosis of strictly vascular 
diseases or for differential diagnosis in neoplastic 
diseases of bones and paraosseous tissues, S. Chiappa, 
G. di Muro and G. P. Garavaglia (Cancer Institute of 
Milan and Radiological Institute of the University of 
Milan)* have systematically used peripheral angi- 
ography in all cases of tumors of the extremities 
noted in the past year. Their aim has been to study 
the possibility of the existence of differential charac- 
teristics in the vascular supply of various types of 
neoplasm which might enable one to differentiate be- 
tween benign and malignant tumors with certainty. 

“In the opinion of the authors, arteriography must 
be included among the usual investigations for the fol- 
lowing reasons: 1) It is an easily performed investi- 
gation without significant risk when correctly done. 

2) It makes possible the demonstration of tumors 
which are undetectable or hardly detectable in the 
ordinary radiographs. This is chiefly true for tu- 
mors of the soft tissues without bone involvement 
which may be demonstrated by the presence of a 
pathologic circulation or a “staining” of the neoplasm 
with contrast medium. In three out of four cases of 
fibrosarcoma in this series, arteriography has 
demonstrated poor vascularization of the neoplastic 
masses with a constant and protracted late opacifica- 
tion of the tumor. 3) It allows demonstration and de- 
termination of the limits of growth of tumors, par- 
ticularly those with large paraosseous extensions into 
the soft tissues in which the ordinary radiography 
shows only the bony involvement. 

“ Review of the arteriographic examimtions in 
this series demonstrates that it is possible to have 
similar pathologic vessels in malignant neoplasms 
as well as in very vascular benign tumors. On the 
other hand, the most typical aspects and the most 
decisive for a diagnosis of malignancy have been 
hemorrhagic lakes and arteriovenous shunts which 
are frequently found in paraosteal malignant tumors.” 
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QUESTIONS ON TUMORS OF BONE 
Questions marked with a dagger deal with rare and less- important conditions. 


1. Do any benign tumors arise from the periosteum? 
. Do any malignant tumors arise from the cortex? 
. What is the nature of tumors arising from the medullary canal, malignant or benign? 


> ww bd 


. Name three common benign tumors arising from the cortex and give the roentgen characteristics of 
each. 


+5. What is meant by diaphyseal aclasia (multiple exostoses) and in what respect do these tumors differ 
from ordinary osteoma? 


6. Name five types of benign tumors arising from the medullary canal and give their roentgen charac- 
teristics. 


7. What are the characteristics of bone cyst, giant-cell tumor and enchondroma chondroblastoma and 
how may they be differentiated? 


t8. What are the characteristics of angioma of bone? Where do such lesions occur most commonly? 


9. Of what types must all primary osteogenic tumors be? Can carcinoma be primary in bone? What 
is meant by a bone aneurysm? 


10. What are the roentgen characteristics of ossifying periosteal sarcoma? Of chondromyxo-sarcoma of 
the periosteum? Can the nonossifying variety be detected roentgenographically? 


11. What are the roentgen manifestations of Ewing’s endothelial myeloma of bone? Is it a radiosensi- 
tive tumor? 


12. Describe briefly the roentgen findings in (medullary) osteolytic sarcoma; chondroblastic sarcoma. 
How do the rapidly growing and slow-growing varieties differ roentgenographically? 


113. What are the characteristics of multiple myeloma? Are Bence-Jones bodies always found in the 
urine in association with such tumors? 


14. What are the usual characteristics of secondary tumors in bone? What are neuroblastoma and what 
is peculiarly characteristic of their metastatic lesions in bone? 


15. What two types of secondary carcinomatous lesions are recognized in bone and describe their 
characteristic appearances ? 


16. What bone changes sometimes occur with lymphatic leukemia and Hodgkin’s disease? 


17. What procedure would you always carry out before undertaking or recommending radical operation 
in any questionable tumor of bone? 
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ARTHRITIS AND PERIARTICULAR CONDITIONS (Chapter XIV) 


ACUTE ARTHRITIS 
ACUTE SYNOVITIS 
TRANSIENT SYNOVITIS OF HIP JOINT IN CHILDREN 


A. Acute Infectious Arthritis of Proved Etiology. 


1. 
2. 


4. 


Acute Polyarticular Rheumatism. 


Acute Syphilitic Arthritis 


. Acute Pyogenic Infective Arthritis 


a. Staphylococcus 

b. Streptococcus 

c. Gonococcus 

d. Pneumococcus, etc. 


Tuberculous Arthritis 


B. Traumatic Arthritis 


C. Gouty Arthritis 


1. 


Differentiation from: 
a. Rheumatoid Arthritis 
b. Calcinosis circumscripta - chalk “gout” 


c. Sarcoid 


CHRONIC ARTHRITIS 


(Any of the forms described under acute arthritis may be prolonged into a chronic state) 


D. Rheumatoid (Atrophic) arthritis, (Probably infectious arthritis, etiology unknown) 


> ow nN 


3. 


Synonyms: (Proliferative) 
(Infective) 
(Arthritis Deformans) 


. Still’s Disease 
. Felty’s Disease 
. Psoriasis 


. Arthritis Mutilans 


Ankylosing Spondylitis - Marie Strumpell, etc. 


E. Degenerative (Hypertrophic) Osteoarthritis (Metabolic Arthritis) 


A 


Malum Coxae Senilis 
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F. Hypertrophic Pulmonary Osteoarthropathy 
Chronic Idiopathic Hypertrophic Osteoarthopathy 


G. Neurotrophic Arthritis - Charcot 
H. Arthritis Associated with other Constitutional Conditions 
1. Sarcoid 
2. Hemopoietic Arthritis 
3. Ochronotic Arthritis 
4. Caission Disease - Fibrocystic Arthritis 
I. Unusual Types of Arthritis associated with local lesions. 
1. Arthritis Sicca 
. Arthritis associated with Intrapelvic Protrusion of the Acetabulum—Otto Pelvis. 
. Osteochondromatosis 


. Coxa magna following synovitis of hip 


oo > Ww nb 


. Primary Neoplasms of the joint (cyst xanthoma; hemangioma; giant cell tumor; synovioma; 
synovial sarcoma; pigmented villonodular synovitis) 


Chapter XIV 
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ACUTE SYNOVITIS 


TRANSIENT SYNOVITIS OF THE HIP JOINT IN 
CHILDREN. This condition is characterized by 
sudden onset with pain in hip usually without cause 
or x-ray findings in the bony structures, (Edwards). 
Close observation will usually disclose the swollen 
appearance of the muscles surrounding the hip joint, 
the ileopsoas, obturator internus and gluteus mini- 
mus muscles, forming an enlarged baggy mass about 
the joint. There is no disturbance of the joint itself 
or of the bony structures and the condition soon sub- 
sides and returns to normal. It is probably due to 
oedema and swelling from allergic reaction, ex- 
posure to cold or possibly trauma. 


ACUTE ARTHRITIS 


Through the efforts of a Committee of the 
American Rheumatism Association the subject of 
arthritis has been reviewed and considerably clari- 
fied, (Primer of Arthritis, revised edition, 1942, pub- 
lished by the American Medical Association). The 
report points out that, “roughly speaking the great 
majority of the cases of arthritis fall into one or 
another of five groups: 

1. the frankly infectious cases, caused by spe- 
cific micro-organisms, 

2. cases that are probably infectious but of un- 
proved etiology, 

3. the degenerative forms of joint disease, 
which are often spoken of as arthroses, 


4. arthritis resulting from physical injury to the 


joint by trauma, 

5. gouty arthritis.” 

For purposes of roentgen consideration they 
have been rearranged somewhat; acute rheumatic 
fever has been included under Infectious Arthritis of 
known etiology, and Traumatic Arthritis has been 
advanced to a position before Degenerative Arthritis. 
In so doing it has been found that the entire classifi- 


cation of Arthritis can readily be separated into Acute 


and Chronic types without further alteration. While 
such a change does not interfere with the clinical 
classification, it aids materially in the roentgen con- 
sideration of these conditions. 


A. INFECTIOUS ARTHRITIS OF PROVED 
ETIOLOGY. This includes all cases of arthritis 
caused by specific organisms. Different types of in- 
fection result in various manifestations depending 
upon the type of organism. 
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1, ACUTE POLYARTICULAR RHEUMATISM. 
From the clinical manifestations of the disease its 
infectious character has been partially established. 

It is pretty well accepted that it is due to constitu- 
tional infection with some strain of streptococcus or 
virus infection. Strictly speaking, it should not be 
considered in this classification until the actual etio- 
logical agent has been identified but it is such a dis- 
tinct entity that it was thought best to include it in 
this group. 

In acute polyarticular rheumatism the site of 
involvement is almost entirely periarticular, the 
joint surface itself being relatively uninvolved. Clini- 
cally the disease is attended by pronounced constitu- 
tional reaction—chills, fever, prostration and evi- 
dence of severe local involvement of the joints. There 
is redness, swelling and extreme pain. Numerous 
joints are involved and there is a tendency to jump 
from one joint to another. 

Roentgenographically there is no demonstrable 
change in the structures of the joint. The articular 
cortex is smooth, the cartilage still remains intact 
as indicated by the space between the ends of the 
bones, and there is no evidence of periosteal reaction 
on either side of the joint. The joint itself is not 
damaged and when the disease process subsides it 


Fig. 136 
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returns to normal without impairment of function. 


2. ACUTE SYPHILITIC ARTHRITIS (Fig. 136). 
Acute syphilitic arthritis, for instance, resembles 
acute polyarticular rheumatism so closely that they 
often cannot be differentiated without roentgeno- 
graphic examination. Acute syphilitic arthritis, 
likewise, has its greatest evidence of involvement 
in the periarticular structures; the joint surface 
itself is not involved. The one distinguishing 
feature is periosteal reaction, usually of the paral- 
lel type, seen running along the shaft of the bone 
on either side of the joint. Syphilis is the great 
bone producer; periosteal new bone formation is 
the type of bone production present in this syphi- 
litic lesion. In this case also the joint itself is 
relatively free from involvement and when the 
process subsides there is no permanent damage. 
This is now a rare type of arthritic involvement, 
seen more frequently in the days when syphilis was 
at its unrestrained height. Prompt recognition and 
cure of syphilis by antibiotics has almost completely 
eliminated this form of the disease. 


3. ACUTE PYOGENIC INFECTIVE ARTHRITIS* 
(Fig. 137). Arthritis caused by pus-producing or- 
ganisms presents much the same picture regardless 
of the type of organism producing the infection. 
Three, more or less distinct, stages can be recog- 
nized through which the process of joint infection 
passes if the infection is unchecked. 

1. Swelling of the joint from periarticular ede- 
ma and increase in fluid. This is often a very tran- 
sitory stage, showing no change in the bony struc- 
ture. If the amount of fluid is extreme this can be 
recognized roentgenographically by the bulging of 
the joint capsule and even in certain locations such 
as the knee joint, by the separation of the joint sur- 
faces. This stage may last for a few days or weeks, 
or the clear synovial fluid may rapidly change to 
pus. Distention of the joint may be so extreme that 
it results in spontaneous dislocation of the joint. 

2. Erosion of the cartilage followed by destruc- 
tion of the underlying articular cortex. This process 
of destruction of the cortical bone often makes its 
initial appearance near the joint margins, at the site 
of tendinous attachments, as small isolated areas of 
decreased density and cortical disintegration. Or, 
the entire articular cortex may undergo simultaneous 
complete destruction, depending upon the site of in- 
oculation and severity of the infection. 

3. Replacement of destroyed portions of the 
cartilage and bone by new bone formation with 
varying degrees of ankylosis depending upon the 
amount of destruction. Cartilage never regenerates 
except to a very limited degree; once destroyed it 
can only be replaced by new bone or fibrous tis- 
sue. In all pyogenic infections, destroyed cartilage 
is replaced by new bone formation; in contradis- 
tinction, tuberculous destruction is repaired by fi- 
brous tissue formation. 





Fig. 137 


Young infants, within the first few years of 
life, are subject to an extremely virulent involve- 
ment by pyogenic arthritis of the hip joints. The 
disease may be so rapid and the swelling so 
severe that spontaneous dislocation of the hip 
joints may result. 

Pyogenic arthritis may present varying de- 
grees of virulence common to the organism pro- 
ducing the infection. For instance, staphylococcus 
infection tends to remain localized to the joint 
while streptococcus arthritis may spread to the ad- 
jacent bones, producing osteomyelitis, depending 
upon the severity of the infection. The gonococcus 
is notorious for its rapid destruction of cartilage 
and subsequent ankylosing deformities. Gonorrheal 
infections seem to have a predilection for certain 
locations: the under surface of the patella, for 
instance, causing destruction of the cartilage in 
this location; the plantar surface of the calcaneous 
at the attachment of the plantar fascia, causing 
spur formation, etc. 

Gonorrheal arthritis does not always cause 
such extreme destruction, however; it may be that 
the toxic condition gives rise to arthritis in some 
cases without actual local infection with gonorrheal 
organisms. 

Pneumococcus arthritis is usually part of a 
general systemic infection with this organism. 

Typhoid fever occasionally produces an ar- 
thritic condition usually limited to one or two 
vertebrae with narrowing of the disc and sclerosis 
of the vertebral body and pronounced hypertrophic 
outgrowths of bone. 

The advent of chemotherapy has vastly 
changed the outlook in acute types of pyogenic 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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(A) 





(C) 





(B) 


arthritis. In many instances, injection of Peni- 
cillin directly into the joint after aspiration of 
pus changes the course of the disease. 


TUBERCULOUS ARTHRITIS* (Fig. 138A, B, C, 


D). Tuberculous arthritis, on the other hand, is a 
much more protracted process. Whereas pyogenic 
arthritis requires days and weeks, tuberculous 
arthritis lasts for months and years. In this case 
also the progress of the infection may be followed 
through a number of stages. 

1. (Fig. 138A) First there is a stage of hy- 
peraemia of the joint, causing a hazy appearance 
of the joint structures. During this period there 


pain, muscle spasm and interference with nor- 


(D) 
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mal function. This stage may continue for many 
weeks providing a basis upon which the next 
stage develops. 

2. (Fig. 138B) Bone atrophy, with loss of 
lime salts, develops from se. The pathologic 
process is so slow and insidious that bone atrophy 
results before bone destruction develops. This is 
one of the characteristic differences between the 
tuberculous and pyogenic types of arthritis. 

3. (Fig. 138C) Finally, after months, there 
is the stage of destruction of cartilage and bone. 
Destruction of the cartilage is indicated by the 
gradual narrowing of the space between the ends 
of the bones; the destruction of cartilage removes 
the natural structures which normally hold the 
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Fig. 138E 


ends of the bones apart and permits them to be- 
come more closely approximated. The character 

of the bone destruction in tuberculous arthritis 
differs from that seen in pyogenic infection in that 

it is least intense in the portions of the joint sub- 
jected to most intimate contact. In pyogenic 
arthritis the process seems to start at the joint 
surface and proceed directly through the cartilage 

to the underlying bone in the region of greatest 
contact. This is probably due to the fact that the 
contact of the cartilages prevents tuberculous granu- 
lations from forming on these parts leaving their de- 
structive action for the adjacent less-contacting sur- 
faces. The bone is undermined and often gives rise 
to sequestra of bone, covered by pieces of viable 
cartilage. When these occur on opposite sides of the 
joint they have been termed “Kissing Sequestra” 
(Fig. 138E), compare with Fig. 137. It must be borne 
in mind that the occurrence of kissing sequestra is 
very rare, often more readily recognizable from the 
pathological specimen than in the roentgenogram. 

4. (Fig. 138D) Lastly, there is the stage of re- 
per which always requires years for its completion. 
one and cartilage destroyed by tuberculous infec- 
tion are replaced largely by fibrous tissue formation. 
This, of course, is invisible In the roentgenogram, 
leaving only the shaggy irregular appearance of the 

injured bone. 

Any of these forms of arthritis involvement 
may occur at any age period. Tuberculous arthritis, 
however, is more prone to occur in childhood, al- 
though it is sometimes seen in adult life. Pyogenic 
involvement is most common in late childhood and 
early adult life. 

In recent years, antibiotic therapy has per- 
mitted operative procedures otherwise not possible. 


Streptomycin therapy with “partial synovectomy, 
partial capsulectomy and curettage of necrotic foci 
in bone appear to be satisfactory; after such opera- 
tions the tuberculous process appears to be arrested 
and recalcification occurs”, (Wilkinson). 


B. TRAUMATIC ARTHRITIS. Trauma alone 
may be the cause of inflammation of a joint. A frac- 
ture extending into a joint may produce an inflam- 
matory reaction during the healing process which is 
known as traumatic arthritis. Repeated long-con- 
tinued trauma to a joint also may give rise to an ar- 
thritic process. In many instances the inflammatory 
process is centered more intensely in the periartic- 
ular structures than in the joint itself. 

An unusual type of arthritic change has been 
reported (Rose) due to congenital indifference to 
pain. The articular surface and underlying cortex 
of an ankle underwent irregular bone destruction from 
lack of sensation to pain. Gradual recovery occurred 
as sensation returned. 


C. GOUTY ARTHRITIS* (Fig. 139). Gout pri- 
marily affects the periarticular tissues, usually in- 
volving the smaller joints, such as the toes. In the 
early stages it is rarely diagnosable roentgenologi- 
cally. Later, after repeated attacks, urate deposits 
in the periarticular and subcutaneous structures and 
joints give rise to an arthritic process. Gout comes 
on in paroxysms, with intermittent periods of relief 
during which there is clinical return of the joint to 
normal. In any instance in which the pain is of this 
character, especially where the great toe is the site 
of involvement, gout should be seriously considered. 
After repeated attacks the sodium urate deposits may 
produce such trauma to the joint that hypertrophic 
changes result. When fully established the roentgen 
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picture is quite characteristic; the transparent urate 
deposits appear as well-defined, rounded, punched- 
out areas of erosion near the joint margins. The 
rounded punched-out areas which occur near the pha- 
langeal joints in rheumatoid arthritis may resemble 
gouty deposits. 

The phalangeal lesions of sarcoid often resem- 
ble gout. They appear as rounded, punched-out areas 
at the joint margins but usually extend into the can- 
cellous bone, showing pressure absorption and coars- 
ening of the trabecular structures. 

Hypercholesteremic xanthomata of the tendons 
occur in the extremities presenting rounded masses 
often more than a centimeter in diameter, which by 
pressure causes notch-like resorption of the bone 
especially of the phalanges, (March, et al.). The bony 
lesions may resemble gout. 

Lyford and Shapiro have reported a case in 
which gout caused a similar area of bone replace- 
ment in the patella. 

When large, especially when present on the ar- 
ticular margins of the knee joint they may be due to 
pressure from meniscus ganglia, (Albert). 

Brailsford has called attention to certain of the 
radiographic manifestations which may be confusing 
in the diagnosis. 

“With the clinical manifestations recorded, it 
is unlikely that the radiographic features are likely 
to confuse. The rheumatic manifestations, both 
clinical and radiographic, are distinctive. They in- 
clude joint dissolution and atrophy of adjacent bones, 
such as are also to be seen in psoriasis, diabetes 
and syringomyelia. Certain extremities in chondro- 
dystrophy have a superficial resemblance to gout as 
will be seen from the illustrations (Brailsford, 1953) 
as have the changes in the interphalangeal joints in 
rheumatism, and in such inflammatory conditions as 
tuberculosis and gonococcal arthritis which are as- 
sociated with osteoporosis of the distal bones and of 
the carpus. The typical appearances of these are not 
features seen in gout, the clinical manifestations be- 
fore and during specific treatment being character- 
istic. Osteoarthritis of the great toe joint may show 
certain features of resemblance, while the develop- 
ment of Baker’s cyst at the knee in osteoarthritis 
may lead to confusion, but the clinical and laboratory 
findings will readily help to distinguish. The calcium 
deposits in the joints of the extremities in calcinosis 
are dense and unlike urate deposits--they may be 
associated with some destruction of the bony ex- 
tremities and the discharge of calcareous material 
as in so-called “chalky gout,” but are not accom- 
panied by the bony dissolution seen in gout. 

As in the case cited, the most frequent error 
is the mistake of regarding gout as polyarticular 
rheumatism, but the history of the patient and his 
family, the beneficial reaction of the conditions to 
mild starvation, balneology, regulated exercise and 
the presence of trophi are helpful in diagnosis. 
These clinical and radiographic features must all 
be considered in cases which arouse the suspicion 
of irregular gout, as in certain cases of sciatica, 
lumbago, iritis, laryngitis and bronchitis.” 
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CHALKY “GOUT”, This is a condition in which 
rounded subcutaneous nodules appear near the termi- 
nal phalangeal joints of the fingers, causing redness, 
swelling and intense pain. The redness and swelling 
may so strongly suggest infection that surgical inci- 
sion is carried out. In reality this condition is not 
related in any way to gout; the close resemblance of 
the cutaneous nodules to tophi is undoubtedly the 
cause of this mistake. Roentgen examination at once 
discloses the heavy calcium content of these nodules, 
differentiating them from tophi which are deposits of 
urate crystals which are radiolucent. 


CHRONIC ARTHRITIS 


Any of the acute types of arthritis may be pro- 
longed into the chronic stage. Excluding these types 
where the etiology is fairly well understood, there 
still remains a large number, the origin of which is 
rather obscure. These fall into two large groups, 
the Rheumatoid (Atrophic) and Degenerative (Hyper- 
trophic) Osteoarthrosis. Description of these under 
many other names has given rise to much confusion. A 
Committee of the American Rheumatism Association, 
after due consideration, decided upon the above- 
named classification; the recommendations outlined 
in their “Primer on Arthritis” will be briefly re- 
ferred to with pertinent quotations: 

“Nichols and Richardson showed that all chronic 
joint disease is due either to proliferative changes 
beginning in the synovial membrane or to degenera- 
tive changes originating in the joint cartilage.” These 
changes are most manifest in the two great divisions 
of chronic arthritis. 


D. RHEUMATOID (ATROPHIC) ARTHRITIS* 
(Figs. 140 and 141) has been described under many 
titles: 

Proliferative, 

Infective, 

Arthritis Deformans. 


Regardless of the name, the pathology is the 
same 


In Rheumatoid (Atrophic) Arthritis (Figs. 140 
and 141) the most characteristic pathological changes 
are found in: 

1. The synovial membrane. 


“Early in the disease, excessive proliferation 
of the synovial cells causes thickening of the synovial 
lining. It appears edematous and is grayish or pink- 
ish red. The number and size of the villi are greatly 
increased. At this stage of the disease the synovial 
fluid content is increased.” 

These being soft tissue changes are not demon- 
strable in the roentgenogram. At this stage no change 
can be detected. 


2. The articular cartilage. 


The articular cartilage does not show appreci- 
able changes early in the course of the disease. 
“As the disease progresses, the changes in the articu- 
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cases treated with hydrocortisone who developed 
arthritis of septic origin. 
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Fig. 142 


MARIE STRUMPEL'S DISEASE (SPONDYLOSE 
RHIZOMELIQUE)=—SPONDYLITIS OSSIFICANS LIGA- 
MENTOSA (Fig. 142B). The Committee of the Ameri- 
can Rheumatism Association has classified Marie- 
Strumpel'’s and Von Bechterew’'s Spondylitis as 
rheumatoid because of their close resemblance. 
Still's disease is due to similar arthritic manifesta- 
tions in children. In addition Felty’s disease and 
arthritis associated with psoriasis have been classi- 
fied as atrophic. These forms of ankylosing spondy- 
litis are thought by some observers to be separate 
entities. 

In this type of arthritis the sacro-iliac joints 
are the site of first involvement. In the spine the 
disease is first manifested in the lower portion and 
progresses upward. There is usually rapid onset 
with prostration, confinement to bed, generally severe 
pain. The stiffness progresses rapidly and pathologi- 
cal changes involve the entire spine. In some cases, 
however, the onset may be insidious with local pain, 
the first manifestation. 

Attention has been called to the early roentgen 
signs of sacro-iliac involvement, (Rolleston). 

The adult sacro-iliac joint shows a dense mar- 
gin of cortical bone; whereas, the adolescent joint 
does not show this dense margin and the joint space 
is wider. As the disease develops the margins of the 
joint become hazy and sclerotic. This is best seen 
at the upper margin of the sacrum. 

Roentgenographically, the vertebrae show 
change in form with “squaring” of the anterior mar- 
gin and there is generalized demineralization. The 
intervertebral discs are norma] in size and remain 
intact and the paraspinal ligaments become ossified. 
In the antero-posterior view the appearance is that 
of a molten or “bamboo spine.* 
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Destruction of the intervertebral disc and ver- 
tebral body by rheumatoid inflammation in patients 
who have rheumatoid spondylitis or arthritis is not 
widely recognized, (Wholey, et al.). Ten cases of far 
advanced rheumatoid spondylitis in which this de- 
struction was a predominant feature were encountered 
in a ten-year period at the Mayo Clinic. It is impor- 
tant to consider the possibility of such rheumatoid 
inflammatory reactions when localized vertebral le- 
sions are seen in patients with rheumatoid spondy- 
litis. 

The costotransverse joints of the ribs and the 
apophyseal joints of the vertebrae become involved. 

Marie-Strumpell’s Disease differs from Bech- 
terew’s Disease in that in the former the onset is 
sudden and the course rapid, and the intervertebral 
spaces or discs remain normal in all cases; in the 
latter the condition is slowly progressive and the 
intervertebral discs are atrophied and there are cal- 
cified deposits. The etiology of both diseases is un- 
known. 

Roentgen therapy may be of great palliative 
value. Through its relief of pain it enables the indi- 
vidual to engage in greater freedom of motion and 
thus aids combating the ankylosing process (Baker, 
et al.). 

Burman points out that, “two major skeletal 
events take place in the ankylosing spondylitis which 
is called Marie-Strumpell’s disease: fixation of the 
costovertebral joints which makes breathing shallow, 
and abdominal and flexion deformity of the neck and 
Spine. 

Correction of the spinal deformity is neces- 
sarily surgical, “it is certain that the spine should 
not be made straight by closed manipulation,” for 
this invites paraplegia as was observed by the author 
many years ago. The definitive open osteotomy of 
the spine is credited to Smith-Petersen and his col- 
leagues. 

A wedge of bone is produced and inserted be- 
tween bodies of the L2 and L3, to fill the hyper ten- 
sion gap and produce an erect position (Burman). When 
the spine becomes rigid in faulty position, surgery 
may be resorted to. 

“The hinge point is the posterior part of the 
intervertebral disc, the upper vertebra tilts on the 
lower one. Correction is limited, not by the size of 
the wedge of bone which can be removed, but by the 
belly tension. ... Later ossification in the hyperex- 
tension gap may create a new wedge vertebra.” 

What can be accomplished in a patient’s posture is 
truely remarkable. 

A somewhat similar appearing vertebral liga- 
mentous calcification bridging across segments of 
the vertebrae is probably due to a more or less 
physiological aging process; in this condition the 
sacroiliac joints appear free, in true Marie- 
Strumpell’s disease the sacroiliac joints are the 
earliest portion to be involved, (Smith, et al.). 


Rheumatoid (atrophic) arthritis of the apophy- 
seal articulations of the spine has been described. 
Clinically the disease manifests itself by pain and 
progressive stiffening of the back very much like 
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ankylosing spondylitis; in fact, it probably is a form 
of Marie-Strumpel’s disease although at the outstart 
it may not have the same roentgen characteristics. It 
occurs in younger individuals and is very insidious 
but may progress very rapidly to involve the entire 
spine. Roentgenologically there is osteoporosis of 
the articular processes with thinning of the articular 
cartilages but the interarticular discs remain intact. 
There is no evidence of bone production. In the ac- 
tive stage roentgen therapy has been of some value. 

Rickards has pointed out the development of a 
peculiar form of pneumonitis in cases of acute 
rheumatism described by Latham in 1845, but a cen- 
tury passed before the publication of the first re- 
ports of pulmonary involvement in rheumatoid 
arthritis. Since the papers of Ellman (1947) and Ball 
(1948) there have been many other reports of lung 
changes associated with rheumatoid arthritis; in 
some the nature of the lung disease has been deter- 
mined at necropsy or by biopsy, but often the lung 
involvement has only been demonstrated radiological- 
ly. In the special field of pneumoconiosis radiologi- 
cal studies led to Caplan’s recognition (1953) of a 
modification in the pattern of anthraco-silicosis 
when coal-miners developed rheumatoid arthritis. 
There is now ample evidence that a particular type 
of appearance in chest radiographs of workers ex- 
posed to a variety of other dust hazards is closely 
associated with the presence of rheumatoid disease. 
The original cases in coal workers were observed 
in Wales (Caplan, 1953; Mial et al., 1953), but simi- 
lar examples have been seen in coal workers in 
other parts of Great Britain and in other European 
countries (Christiaens, et al. 1954; Petry, 1954; 
van Mechelen, 1954; Dechoux and Ruyssen, 1956, 
von Sepke, 1957). Gough, Rivers and Seal (1955) 
showed histologically that the essential difference 
between the orthodox pneumoconiotic nodules 
and the Caplan nodules was the presence in 
the latter of an inflammatory reaction of rheuma- 
toid type. 

These observations of Caplan and of Gough and 
his colleagues are not only of interest to workers in 
dust diseases, but raise issues of immediate impor- 
tance to the understanding of the basic inflammatory 
response in rheumatoid arthritis. 

“We have recently had under our care a middle 
aged man who developed severe rheumatoid disease 
which was associated with widespread pulmonary 
fibrosis. Necropsy revealed in the lungs numerous 
necrobiotic foci of rheumatoid type superimposed 
upon extensive pulmonary asbestosis. This is the 
first case of this sort recorded, (Rickards and 
Barrett). 

Up to the present, examples of this syndrome 
in workers exposed to dusts other than coal have been 
published only outside Britain. Colinet (1950 and 1953) 
in France described it in relation to silica hazard. 
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From Belgium, Clerens (1953) described two cases 
in female workers from the same factory exposed to 
a pure silica hazard. From Holland, van der Meer 
(1954) reported one case in a man who had worked as 
a diamond and metal polisher and also as a sand 
blaster. Martin and Fallet (1953) considered that they 
had seen one instance in a miner exposed to a pure 
silica risk in Switzerland. 

Cases of the rheumatoid pneumoconiosis syn- 
drome have been observed in Great Britain in work- 
ers exposed to a variety of dusts other than coal, as 
in potteries, sand blasting, brass and iron foundries 
(Caplan, unpublished). In this number of this Journal, 
cases are reported in a boiler-scaler (Campbell, 
1958) and an asbestos worker (Rickards and Barrett, 
1958). These, and the following account of a case in 
a foundry worker, emphasize the prevalence of the 
syndrome in workers exposed to a wide variety of 
dusts. 

Briefly, the characteristic radiological fea- 
tures are multiple, well-defined round opacities 0.5 
to 5 cm. in diameter distributed throughout both lung 
fields. In many cases the background of simple 
pneumoconiosis is slight or may be absent and the 
opacities often appear with a suddenness that is not 
usually observed in the development of ordinary pro- 
gressive massive fibrosis (P.M.F.). The opacities 
may appear before, coincident with, or after the onset 
of arthritis, and there is no apparent relationship be- 
tween the severity of arthritis and the extent and type 
of the radiological changes. In some cases the 
opacities increase in size and number and crops of 
fresh lesions may appear at intervals of a few months, 
whilst in others only a few round opacities are lo- 
calized to one or more areas of the lung fields and 
remain stationary. It is not uncommon for the le- 
sions to cavitate and thereby disappear or fibrose. 
Calcification is fairly common and in many instances 
the lesions ultimately become incorporated in P.M.F. 
More cases may be recognized if it is realized that 
in the majority there is a mixed radiological picture 
of round opacities, P.M.F., and opacities indistin- 
guishable from tuberculous lesions. 

A detailed pathological study of the syndrome 
has been made by Gough et al. (1955). They described 
the lung lesions in 16 coal workers, from material 
obtained at necropsy and biopsy, as having a charac- 
teristic appearance and distinguishable from P.M.F. 
and the classical silicotic nodule. Microscopically 
the lesions show a characteristic concentric ar- 
rangement of lighter and darker layers. The pale 
areas are grey in some instances and yellow in 
others. Liquefaction tends to occur in the pale areas 
leaving clefts. In some cases the nodules are densely 
calcified. 

The histological criteria upon which diagnosis 
should be made are a central area of necrotic 
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collagen, outside which is a zone of active inflamma- 
tion consisting of a cellular infiltration of macro- 
phages and frequently also of polymorphonuclear 
leucocytes. In this zone collagen is being destroyed. 
In haematoxylin-and-eosin-stained sections the in- 
tense blue staining of the inflammatory zone con- 
trasts with the pink of the central necrotic collagen. 
Some of the macrophages dies and disintegrate the 
dust is deposited and this accounts for the dark con- 
centric rings seen in the nodules. The inflammatory 
zone may involve the whole or only part of the cir- 
cumference of a nodule. Multinucleated giant cells 
are present in some instances, and these lie ina 
zone of fibroblasts outside the zone of inflammatory 
cells. The fibroblasts are orientated in a palisade 
manner. Outside the palisade is a zone of collagen 
arranged circumferentially and not necrotic. 
Endarteritis is present in vessels at the periphery 
of the nodules, and in the lumen of the vessels there 
are more lymphocytes and plasma cells than seen in 
the endarteritis usually present in pneumoconiosis. 

Campbell likewise reported similar findings. 
In 1953 Caplan recorded a high incidence of massive 
shadows in the chest radiographs of coal miners with 
rheumatoid arthritis and described a peculiar type 
of radiological opacity occurring in about 25% of 
these arthritics. The shadows differed from the 
usual form of massive fibrosis in pneumoconiosis, 
in that they were numerous, round, well defined and 
scattered evenly throughout both lung fields. 

Caplan’s syndrome--all are coal miners--but 
a similar picture in silica workers. The appearance 
and histological characteristics of the lungs of 
boiler-scalers with pneumoconiosis is identical with 
that seen in the pneumononiosis of South Wales coal 
miners and with the general appearance of the lungs 
in this patient. The superimposed changes seen in 
this patient, including the nonspecific inflammatory 
zone which may be the “ rheumatoid” component, are 
the same as those described by Gough, Rivers and 
Seal in 1955. These authors found evidence of tu- 
berculosis in 5 out of their 16 cases. 


ARTHRITIS MUTILANS. An unusual type of 
chronic arthritis has been described in which there is 
wasting of the heads of the metacarpal bones and pha- 
langes with tapering and narrowing of the distal ends, 
together with widening of the bony structures at their 
bases. The joint spaces may be obliterated. Asa 
result the bony structures become shortened and the 
fingers retract within a normal-sized skin, producing 
wrinkling of the skin. The fingers assume a “main en 
lorgnette” deformity. The reason for this unusual 
type of arthritic involvement is not clear, (Nielson 
and Snorrason). 


ANKYLOSING SPONDYLITIS-VON BECHTEREW; 


MARIE STRUMPEL (Fig. 142A and B). Under this 
heading two conditions must be considered having 
somewhat similar characteristics and X-ray findings; 
Von Bechterew's spondylitis (A), and Marie-Strumpell 
disease (B). 
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VON BECHTEREW'S SPONDYLITIS (SPONDY- 
LITIS DEFORMANS)—SPONDYLITIS MUSCULARIS— 
(Fig. 142A). In this condition there is a slowly pro- 


gressive stiffing of the spinal column beginning in the 


cervical and thoracic regions and extending downward, 


associated with kyphosis. Accompanying signs of 
nerve involvement may occur such as hypotonia and 
atrophy of muscles of the back, and paralysis; dimin- 
ished cutaneous sensations or psychic phenomena. 
Stiffness and pain preceding the joint ankylosis; other 
joints may be involved. 

Roentgenologically there occurs dorsal kyphosis 
and narrowing of the vertebral bodies, atrophy of the 
intervertebral discs, with much deposit of calcium in 
the cartilages and ossification of the paraspinal liga- 
ments. Knaggs feels that this type of spondylitis has 
its origin in muscularatony; that atrophy of the verte- 
bral discs results, followed by ankylosis of the verte- 
bral bodies from the resulting contact of the bony 
structures. 


E. DEGENERATIVE (HYPERTROPHIC) 
OSTEOARTHROSIS.* (Fig. 143). 


In Degenerative Hypertrophic Arthrosis the 
chief underlying natholowtcal changes are found in: 

1. The articular cartilage. 

The articular avillngé Peconiés softened, 


undergoes fibrillation and splitting which is first 
evident at the margins. The process is extremely 
slow and insidious so that repair of the fibrillated 
cartilage by new bone formation takes place almost 
simultaneously. This is indicated in the 
roentgenogram by small spicules of new bone growing 
out from the joint margins; these are spoken of as 
exostoses (or osteophytes). As the disease progress- 
es, the cartilage becomes somewhat thinner but it 
rarely completely disappears. 





Fig. 143 
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2. The articular ends of the bones. 

The bones retain their normal lime-salt content 
and bone atrophy does not occur. If there is much 
thinning of the cartilage, as is sometimes seen in the 
advanced stages, bone becomes closely applied to 
bone; whenever this occurs, eburnation results; ebur- 
nation of the ends of the bones produces ivorylike 
density of the bony structures. The articular cortex 
may become irregularly shaped and notched; exosto- 
sis formation may become so pronounced that anky- 
losis occurs from bridging of the joint by the bony 
outgrowths. If broken off from trauma they become 
loose bodies within the joint known as “joint mice.” 
Occasionally, especially in well-advanced cases, 
small nodular areas are seen at the joint margins. 
Such fibrous nodules occurring near the small joints 
of the fingers are known as Heberden’s nodes. 

Little if any periarticular swelling occurs and 
the synovial membrane shows little change. 

This condition is very common in late adult life. 
It rarely occurs before forty years of age, but is 
present to some degree in most people after fifty 
years of age. The spine is a favorite site of hyper- 
trophic spondylitis and exostosis formation can he 
well seen at the joint margins of all of the vertebrae. 

The cause is not definitely known but it seems 
most likely that it is a manifestation of the general 
wear and tear of life rather than a specific focal in- 
fection. Obesity, causing excessive trauma to the 
weight-bearing joints, or faulty posture may be a con- 
tributory cause. Heredity is probably also a factor. 
Lack of certain elements in the diet may be a cause. 

Faulty elimination of waste products—constipa- 
tion—may permit the harboring in the body of exces- 
sive amounts of toxic material. The regions most 
frequently involved are the spine, hips and knees, al- 
though all joints may be involved. When it involves the 
spine such exostoses usually cause little or no symp- 
toms but they may attain considerable size, even en- 
croaching upon and causing pressure on the spinal canal, 
or pressing upon the esophagus causing dysphasia. 

Small triangular intercalary bone formations 


may occur between the osteophytes at the margins of — 


the vertebrae. Once formed, exostoses remain for- 
ever, if untreated, the disease becomes progressively 
worse, but under proper management it may be held 
in check or rendered inactive. 


MALUM COXAE SENILIS. This is a term ap- 
plied to a particularly severe type of degenerative 
arthritis of the hip joint in which degenerative 
changes are pronounced and the progress rapid. It 
occurs in older individuals and trauma is thought to 
be a factor in the development of the condition, either 
immediately after injury or occurring insidiously 
many years after. It is believed to occur in individ- 
uals who in earlier life may have experienced some 
trauma such as slipped epiphysis or Perthe’s Dis- 
ease. There is erosion of the articular cortex, cyst- 
like areas and irregular destruction of the cartilage 
and hypertrophic changes at the articular margins. 
Eburnation and sclerosis of the bone result wherever 
the denuded bony surfaces come into apposition. 
From the rapid progression and extensive pathology 
it is quite evident that there is some process other 
than ordinary hypertrophic arthritis; this is probably 
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the blood supply from trauma or senility. As the head 
of the bone undergoes destruction, it elongates caus- 
ing deepening of the acetabulum which in turn causes 
restriction of abduction and adduction at the hip joint. 


F. NEUROPATHIC ARTHROPATHY —CHARCOT 
(Fig. 144). Neurogenic conditions may give rise to 
rather grave arthritic disorders. Perhaps the best 
example of such a type of arthropathy is Charcot 
joint. This is a manifestation of trauma applied to 
an anesthetic joint. Syphilitic destruction of the sen- 
sory nerves is the greatest cause of development of 
this condition. It has been shown experimentally that 
resection of the posterior nerve roots in cats, fol- 
lowed by traumatization of a joint with thermocautery 
resulted in the prompt development of Charcot joint 
(Eloesser). Similar joint reaction has been described 
with diabetes mellitus, (Cozen; Bolen). 

Bolen has pointed out that more recent investi- 
gation indicates their occurrence also in leprosy, 
peripheral nerve injury, pyogenic soft tissue infec- 
tions following puncture wounds and other infections 
subject to trauma. The etiology of charcot joints 
from diabetes still remains controversial. 

There are two general types of involvement, 
the hypertrophic or sclerotic, and the other, atrophic. 
In the hypertrophic type the primary process in the 
joint destruction is the development of a pannus of 
connective tissues and blood vessels which spreads 
over the joint surface, resulting in fibrous tissue in- 
vasion and destruction of the cartilage. Cortical 
bone becomes in contact with cortical bone resulting 
in dense sclerosis and eburnation. Efforts at repair 
only make the picture more confused; heavy out- 
growths of bone from the joint margins form large 
osteophytes which may become broken off and add to 
the debris which surrounds the joint. In the atrophic 
form there is marked bone destruction without visi- 
ble new bone production, and little if any actual 
osteophyte formation; the ends of the bones may be 
merely worn away, giving rise to a “drum stick” 
appearance. When it involves the spine the vertebral 
body may collapse and 
there may be calcium 
scattered in the imme- 
diate neighborhood. 
There may be a spin- 
dle-shaped appearance 
in the soft tissues, and 
it may be difficult to 
differentiate from tu- 
berculosis of the spine. 













Fig. 144 
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Brittleness of the bones is an outstanding feature 
to which much of the debris about the joint can be 
ascribed, (Moller). 

Clinically Charcot joint is characterized by an 
enlarged painless joint, waxy and spindle-shaped in 
appearance. Once the process starts, it progresses 
rapidly to an extreme degree of tissue destruction; 
often within a few months. 

Roentgenologically the condition is manifested by: 

1. Extreme disintegration of the joint, practically 

all identity of the joint structures being lost. 

2. Deposit of a large amount of debris about the 

joint due to tissue destruction. 

$3. An ivorylike eburnation of the bone. 


SYRINGOMYELIA. Similar involvement of 
the joints of the upper extremities occur in this con- 
dition; there is extensive fragmentation of the artic- 
ular margins with gross disintegration of the joint; 
large amounts of periosteal new bone formation and 
dense sclerosis beneath the articular cortex. There 
is lack of osteoporosis since the joint is anaesthetic. 
The shoulder joint is by far the most frequent site of 
involvement. A case of this type has been reported, 
(Meyer, et al.) in which complete disruption and 
disintegration of the shoulder joint occurred in less 
than two and one-half months. 


G. ARTHRITIS ASSOCIATED WITH OTHER 
CONSTITUTIONAL CONDITIONS. 

1. BOECK’S SARCOID INVOLVING BONE (Fig. 
145), (Holt and Owens). In patients suffering from 
sarcoid disease elsewhere in the body, deposits of 
sarcoid material in the tissue adjacent to the joint 
may result in deformity of the joint and replacement 
of the underlying bone by sarcoid material. Only 
about ten to fifteen per cent of patients with sarcoi- 
dosis show bone lesions. 

Microscopically this material shows tubercles 
with epitheloid and giant cells much resembling tu- 
berculosis; but guinea pig inoculation with sarcoid 
matertal fails to produce tuberculous disease. For 
this reason, cases have undoubtedly occurred in 
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Fig. 145 
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which sarcoid was mistaken for tuberculosis or even 
giant-cell tumor of bone on the basis of a false path- 
ological report. This is a granulomatous process 
which invades the medullary cavity, causing lacunar 
absorption from pressure. Such pressure absorption 
leads finally to fragmentation and destruction of the 
finer trabeculae, causing apparent osteoporosis. 
Lacunar coalescence results in small localized cavi- 
ties in the bone, rounded, ovoid, pear-shaped; either 
solitary or multiple. 

The case shows two types of bone changes: 

1. Definite defects in the bone structures, often 
in the form of punched-out lesions; these presumably 
consist of fibrous tissue which has replaced the granu- 
lation tissue. This type of healing has been described 
by Schaumann. 

2. Temporary structural changes. These al- 
terations may partially or completely disappear. 
Since such changes are often difficult to evaluate in 
one examination, because of their small size and dif- 
fuse outline, repeat examinations are necessary, 
(Knutsson). 

A rare case of involvement of the vertebral 
bodies has been reported by Rodman, et al. Large 
areas of irregular bone destruction were present in 
the 11th and 12th thoracic vertebrae with destruction 
of the intervening disc. Needle biopsy was performed 
and microscopic examination failed to reveal tubercu- 
lous involvement although this was suspected from 
roentgen examination. 

Roentgenographically the lesions appear as 
rounded, clear-cut, punched-out areas near the joint 
margins, especially of the smaller joints of the hands 
and feet. They resemble the lesions produced by 
gout but show a smoother border. Sometimes they 
arise near the middle of the joint surface, extending 
by fingerlike projections into the joint. The bones 
may become deformed on account of disturbance in 
articular relationship from loss of bony structure 
and they may attain a reticular appearance from the 
coarsened trabecular structure. There is no evi- 
dence of bone production. There may be associated 
lung involvement, (p. 281). 

The disease is rather insidious and should, be- 
cause it occurs at, or in close relationship to joints, 
(Crissey and Day), be more properly considered as 
an unusual type of chronic arthritis. 


2. CONSTITUTIONAL HEMATOPOIETIC 
ARTHRITIS. Certain constitutional and hematopoietic 
diseases may be associated with arthritic manifesta- 
tions. For instance, in hemophilia, leukemia, etc., 
there is a pronounced tendency to spontaneous hemor- 
rhage into joints and periarticular tissues. This may 
give rise to arthritic symptoms and signs. The 
roentgen picture varies greatly. 

1) thinning of cartilage, subchondral cyst 

formation and spurs, 

2) or gross deformity of ends of bones if 

hemorrhage occurs in growing stage of bone, 

3) or a diffuse periarticular density corres- 

ponding to the synovial capsule probably 
from fibrosis. (See Blood Dyscrasias). 

Large defects have been reported in the adja- 
cent bony structures such as the wing of the ilium 
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with irregular ossification in the fascia and connec- 
tive tissue, (Petersen). 


3. OCHRONOTIC ARTHRITIS—(ALKAPTONU- 
RIA). Alkaptonuria is an hereditary fault probably in 
phenol metabolism which may be associated with all 
grades of discoloration of the urine from brown to 
black. The urine may be discolored when passed or 
may turn dark on standing due to the alkaptone 
(hemogentisic acid) one of the products of deranged 
metabolism in the urine. About one-half of the cases 
of alkaptonuria are associated with ochronosis—the 
staining of skin (ears), sclera, articular cartilages, 
intervertebral discs, tendons, valves of heart and 
even of the bones with deep bluish-brown pigment. 

An appreciable number of these cases develop 
pain, swelling and deformity of the joints, usually one 
or more large joints, or spine and numerous smaller 
joints of hands or feet; this is known as ochronotic 
arthritis. 

Roentgenographically ochronotic arthritis 
shows as its most striking characteristic irregular 
calcified deposits in the bursae, tendons and carti- 
lages of joints. When the spine is involved there is 
often universal calcification of all interarticular 
discs and spinal ligaments giving an appearance 
somewhat similar to Bechterew's spondylitis. There 
is pronounced osteoporosis giving rise to the appear- 
ance of large exostoses extending out from the joint 
margin, (Hertzberg),(Pomeranz, et al.), (Thompson), 


4. FIBROCYSTIC DESTRUCTIVE ARTHRITIS 
FROM CAISSON DISEASE. Air emboli from Caisson 
disease occurring about the joint result in rounded 
fibrocystic areas of asceptic necrosis in the articular 
cortex of the bone with areas of sclerotic bone repair 
and erosion and destruction of the joint cartilage. 

The condition may not be distinctive in its joint mani- 
festations at the outstart and the joint pains may be 
attributed to “rheumatism.” Roentgenographic ex- 
amination however, discloses the changes resulting 
from asceptic fibrocystic necrosis. A similar picture 
is produced by Malum Coxae Senilis. 


H. UNUSUAL TYPES OF ARTHRITIS OR 
PERIARTHRITIS. 


1. ARTHRITIS SICCA. Arthritis sicca is a pe- 
culiar type of dry arthritis which usually attacks the 
shoulder joint causing progressive erosions and de- 
struction of the head of the humerus. It attacks young 
adults and its cause is not known although it has been 
attributed to tuberculosis. 


2. ARTHRITIS associated with INTRAPELVIC 
PROTRUSION OF THE ACETABULUM (OTTO PELVIS) 
This is a condition in which the acetabular sockets of 
the hip joints protrude into the pelvis, giving rise to 
an arthritic condition. Only those cases in which the 
floor of the acetabulum touches or crosses the linea 
terminalis should be considered as intrapelvic pro- 
trusion. When the condition is encountered in young 
individuals it seems highly probable that it may be 
due to epiphysitis but this has never been absolutely 
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proven. It occurs twice as often in females as in 
males and is frequently bilateral. Otto’s original 
description of the condition was in an adult. Develop- 
ment of the condition in an adult is believed to be due 
to softening of the floor of the acetabulum from trauma 
or low-grade infection. 

Three groups are recognized (Overgaard). 

1) Secondary protrusion following a focal dis- 
ease process—those in whom there is a def- 
inite history of previous illness. 

2) Primary osteoarthritic protrusion associated 
with Arthritis Deformans, in which there is 
no focal disease, where the disease is limited 
to the acetabulum. 

3) Juvenile osteo-asthenic protrusion in which 
there is a weakness of the bony tissue per- 
mitting protrusion possibly due to epiphysi- 
tis but this has never been proven. 


3. OSTEOCHONDROMATOSIS. Cartilaginous 
fragments, broken off in early life, may remain in 
the joint giving rise in later life to multiple large 
calcified rosettelike structures floating loosely in 
the joint; this condition is known as chondromatosis. 
If such loose bodies interfere with function or pro- 
duce pain, they must be removed (Mussey and 
Henderson). 


4. COXA MAGNA (Ferguson,and Howorth). 
This is a condition which has been observed following 
a short period of synovitis of the hip. Clinically the 
condition starts with slight fever and enlargement of 
the inguinal nodes. The first symptom is limping and 
the extremity is held in a flexed, adducted position. 
With rest the symptoms subside promptly. Immobi- 
lization is continued for periods of 6 to 10 months 
and complete recovery occurs. 

Roentgenologically the epiphysis for the femor- 
al head enlarges during this period; there is no ero- 
sion or bone destruction, no periosteal reaction, 
merely enlargement of the femoral head. It is pos- 
sible that the prolonged immobilization may have 
something to do with the condition. 


9. ARTHRITIS OF LUSCHKA’S JOINTS OF THE 
CERVICAL SPINE may be considered as a definite 
entity not because of the type of arthritic involvement 
but primarily because of the location of the joints in- 
volved. Luschka’s joints are small synovial struc- 
tures in the cervical spine called hemiarthroses in- 
tervertebrales. They are located between the poste- 
rior and lateral aspects of the lower five cervical 
vertebrae. They are quite small measuring only a 
few millimeters in size but are so located that hyper- 
trophic spurs at their joint margins intrude upon the 
spinal foramina causing pressure on the spinal 
nerves. They are best visualized in the lateral and 
oblique views of the cervical spine. 


6. XANTHOGRANULOMATOUS DISEASE OF 
BONE WITH POLYARTHRITIS. This is a type of 
rheumatoid polyarthritis described by Golden and 
Richards, in which advanced cystic changes are pres- 
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thogranslomatous type of lesion with foam cells, . 


Toonigenslogiealy enarayove cystic swellings | 


of the limbs are present fesembling cystic areas in © 


the bones. These may be confined to the periarticu-— oes 


lar regions ot may extend throughout the entire shalt 
of the bone. The etiology ia unknown. 
Bone erosion and formation of ani and snide é 


-locular cysts in bone structure adjacent to soft tle- be | 
gue masses. Diff. diag: alias: anarites, gout Bs 


, caries sicca synavioma. 


a ‘PRIMARY NEOPLASMS oF THE JOINT. 


HR oe, may be of many types; Cyst; Xanthoma; Hem-— | 
at angioma; ‘giant cell timer synovioma. os 
ritalin a Fortunately arthritis due to neoplasms tnyoly- 

AOA ing: the joint is very rare. In-euch casea the char- 
0 geteristios of the growth, its location and extent of | 
\. tawolvement determine the severity of the symptoms © 


and roentgenographic picture praduced. If the 
growth itself does not destroy: surrounding hony tis~ 
‘gues, as primary synovioma, it la doubtfal u at: can 
he detucted roentgenagraphically. 


Contrast or dovble-contraat cued as an ald ce 
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amorphous time, the lesion is almost eertuiniya | 
sarcama. If the lesion of the soft tissues of the Jpint a 6 
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sarcoma. — 
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sarcoma (Bloom and Pattizison), 
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largement of the soft parts at the ends of the Bngers, Sey 


resulting in So-called | *club-tingers.” Oe ¥oentgens< eae 
graphic. examination, the: hones appear normal at this. cig 
Stage... As. the condition becomes ‘prolonged, the. SPS. 3 
ee |) terminal phalanges. become expanded at their. tips. and yet 
oe # geheralized poriostitis particularly along the- shatts ee 
| al the metacarpals and phalanges developa, which’ =. 3 
» | may. be: difficult ta distinguish’ feom that of- tues. The : M Zee 
lithe finger and thumb often show the firat and ‘enue roa 
“eat involvement. The ‘shaits ‘of the bones may not: 
| show any change until djater, when they also show. 
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very severe Cases the process may cause heavy 
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An idiopathic form of this condition is recog- 
nized which is in no way related to the pulmonary 


hypertrophic osteoarthropathy associated with chronic 


lung suppuration and malignant lung involvement. It 
is an extremely rare condition in which no such 
etiological factors are present. Three of the twenty- 
five reported cases are in females. 

It has its onset at puberty with pain which shows 
seasonal variations. There is enlargement of the 
extremities and clubbing of the fingers. 

The long bones show uniform dense sclerosis 
and lacelike periosteal reaction very much like the 
ordinary variety of pulmonary osteoarthropathy. The 
skull is also involved. The face shows a leonine ap- 
pearance and there is increased vascularity of the 
bones. The epiphyses are also involved. The pha- 
langes are small and pointed. There is hyperchromic 
anemia, probably due to bone marrow encroachment, 
A number of unusually severe cases with pronounced 
periosteal proliferation and sclerosis of the shafts of 
the long bones have been reported (Temple and Jas- 
pin). Wiles et al. have recently called attention to a 
rare but definite malacia of the joint cartilage of the 


patella which may be the precurser of osteoarthritis; 
it affects the soft parts first and during this stage 
does not show roentgen manifestations. 


NERVE PRESSURE FROM SPINAL IMPINGE- 
MENT. Luschka joints (Boreadis and Gershon-Cohen) 
are two small joint spaces on either side of the lower 
five cervical vertebrae, located between the lateral 
aspects of the lower five vertebral bodies adjacent to 
the annulus fibrosus of the intervertebral disc. Their 
importance has been stressed by many writers be- 
cause of their close relationship to nerve and vascu- 
lar structures. 

The male process projects upward from the 
vertebra below into the female impressions of the 
vertebra above, anteromedially to the mixed nerve 
root and posteromedially to the vertebral artery vein 
and sympothetics as they pass through the vertebral 
foramen. Pressure on these structures by degenera- 
tive processes of the joints or hypertrophic exostoses 
may give very distressing symptoms from pressure 
of these structures, 


10. 


11. 
12. 
13, 
14, 


15. 


+16. 


ARTHRITIS 208C 


QUESTIONS ON ARTHRITIS 


Questions marked with a dagger deal with rare and less-important conditions. 


. Does trauma ever cause arthritic manifestation? Under what circumstance? 
. Does Polyarticular Rheumatism produce any manifestations in the roentgenogram? Why? 


. What are the roentgen manifestations of Acute Syphilitic Arthritis and how do they differ from those 


of Acute Polyarticular Rheumatism? 


. What are the clinical manifestations of Pyogenic Infective Arthritis and what roentgen signs does it 


produce ? 


. What are the roentgen manifestations of Tuberculous Arthritis? Through what stages does it pro- 


gress? What is arthritis sicca? 


. Describe briefly the changes seen in Gouty Arthritis and discuss their causes. 
. What is meant by Neurotrophic Arthritis and what are its roentgen characteristics? 


8. 
. To what is arthritis, associated with hematopoietic diseases, due? 


Describe involvement of bone by Sacroid. What joints does it usually involve? 


What two general forms of chronic arthritis are recognized by the American Committee for the 
Control of Rheumatism ? 


What are the roentgen characteristics of Atrophic Arthritis? Of spinal apophyseal joints? 
What are the roentgen characteristics of Hypertrophic Arthritis? 
Describe the roentgen characteristics of Ochronotic Arthritis and to what are they due? 


What is meant by Malum coxae senilis and where does it usually occur? Arthritis from Caisson 
disease? 


Describe briefly the clinical manifestations and roentgen findings in Bechterew’s spondylitis and 
Marie-Strumpell’s disease. 


What arthritic changes occur as a result of Intrapelvic Protrusion of the Acetabulum (OTTO PELVIS) ? 
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PART II 


CHEST 


NORMAL RESPIRATORY SYSTEM (Chapter XV) 
I. Roentgen Anatomy 

A. Topography of Lung 

1. Position of interlobar septa 

2. Bronchial tree and segments of lung 
B. Roentgen Examination of Lung Fields 

1. Hilum 

2. Peribronchial markings 

3. Parenchyma 

4. Pleura 

5. Diaphragm 

Microscopic Structure of Lung 

1. Primary lobule 
D. Anomalies 

1. Agenesis 

2. Anomalous lobes 

Azygos lobe 
Accessory inferior lobe 

3. Congenital atresia bronchi 

4. Diaphragm 
Physiology of Respiration 
Respiratory Function 
Restoration of Function after Operation 
Method of Differential Diagnosis of Pulmonary Lesions 
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PATHOLOGY OF RESPIRATORY ORGANS (Chapter XVI) 
I. Larynx and Trachea 
A. Foreign Bodies 
B. Tracheal Displacement 
C. Tracheal Compression 


D. Anomalies 
E. Tumors of Trachea and Larynx 
Hl. Bronchi 


A. Bronchial Irritation—acute congestion; Spasm 
1. Inhalation gases 
2. Beryllium and other irritating chemicals 
B. Acute Respiratory Infection 
1. Bronchitis—Bronchiolitis 
2. Influenza (LaGrippe); Virus Bronchitis 
3. Active acute congestion 
Asthma; Emphysema (q.v.) 
Bronchostenosis or Occlusion 
1. Causes 
a. Foreign body 
b. Bronchiogenic tumor 
c. Bronchial tuberculosis 
d. Secretions 
e. Developmental anomalies 
2. Results of 
a. Atelectasis from complete bronchial occlusion (see section on effect of atelectasis on lung) 
b. Obstructive emphysema from partial bronchial occlusion (see effect on lung) 
E. Bronchial Dilatation 
1. Middle lobe syndrome 
2. Bronchiectasis 
3. Anomalies—Congenital cystic disease 
4. Agenesis 
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F. Bronchography 
G. Broncho-esophageal Fistula 
1. Congenital—with atresia of esophagus 
2. Acquired—from new growth of esophagus 
H. Broncholithiasis 
Il. Lungs 
A. Circulatory Disturbances of Lung 
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. Passive pulmonary congestion 

. Hemosiderosis 

. Pulmonary hypertension 

. Pulmonary edema—‘ hypostatic pneumonia” —azotemic edema (allergic) 
Embolism; thrombosis; infarction—annular shadows of unusual type 

. Chronic massive thrombosis of pulmonary artery 

- Polycythemia 

. Arteriolar sclerosis—Ayerza’s disease 

Eosinophilic infiltra tion— Loeffler’s syndrome 


B. Infections—Bacterial and Viral 
1. Pneumonia 


a. Lobar pneumonia 
b. Bronchopneumonia 


Infiltrative 
Purulant—necrotizing 
Friedlander bacillus pneumonia 


c. Septicemic (streptococcus) pneumonia 
d. *Glandular” pneumonia 


Tularemia 
Measles 


Whopping cough 


e. Interstitial pneumonia—Virus 


Influenza, Types A and B (epidemic) 
Hammah—rich type 

Psiticosis 

Varicellar pneumonia 

Rickettseal pneumonias 

Q Fever 

Toxoplasmosis 
Jaagsiekte—alveolar adenomatosis 
Pulmonary paragonimias 


f. Spirochetal infections 


Syphilis (spirocheta pallidum) 
Leptospirosis (Weil’s disease) 


2. Lung abscess 
3. Pulmonary tuberculosis 


a. Childhood first infection 
b. Adult type of reinfection 


Infiltrative—exudative types 
Acute lobar pneumonic type 
caseous 
“ epituberculosis” 
Chronic diffuse interstitial fibrosis (tuberculous) 
Military tuberculosis 
Bronchial tuberculosis 
National Tuberculosis Association and American Trudeau Society Classification 
Surgical treatment—artificial pneumothorax, phrenicotomy 
Artificial pneumoperitoneum 
Thoracoplasty; Pneumolysis 
Pneumonectomy 
Extraperiosteal Ivalon Pack 
Lobectomy, aspiration and resection of cavities 
Chest surveys 


4. Mycotic infections 


a. Actinomycosis 
b. Blastomycosis 
c. Coccidioidomycosis 
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2. 


. Moniliasis 
. Aspergillosis 
Pulmonary intracavity fungus ball 
Cryptococcosis (Torula) 
. Histopasmosis 
. Maduromycosis 
Penicillosis 
Spores of maple bark fungus 
. Bagasse Disease 
C. Collagen Diseases 
Hypersensitive States 
. Allergic reactions to foreign protein—serum reaction 
. Drug sensitizations 
. Blood incompatabilities 
. Acute glomerul onephritis with azotemic oedema 
. Polyarteritis nodosa 
. Rheumatic pneumonitis 
. Rheumatoid arthritis 
D. Aspiration Pneumonitis from Irritant and Harmful Materials into the Lungs 
1. Lipoid pneumonitis; from aspiration of oily material—paraffinoma 
2. Kerosene intoxication from aspiration 
3. Gases 
4. Water—drowning 
5. Foods 
E. Pneumoconiosis—inhalation of irritant and harmful material into the lungs 
Silicosis 
Asbestosis 
Anthracosis 
Tremolite Talc 
Calicosis 
Siderosis—Arc-welder’s lung 
Beryllium Pneumonitis 
Bariatosis 
. Graphite Pneumoconiosis 
10. Byssinosis 
F. Atelectasis 
1, Congenital 
2. Obstructive 
Massive—entire lung 
Lobar—single lobe 
Segmental—smaller segment 
- Foreign body 
- Bronchiogenic tumor 
- Inspicated secretion— Massive Idiopathic Atelectasis 
- Tuberculous granulations 
- Disc-like Atelectases 
- Anomalous fenestrated membrane 
G. Emphysema and Cystic Disease 
1. Vesicular Emphysema 
a. Compensatory Expansion; (compensatory emphysema) 
b. Obstructive Expansion; (obstructive emphysema) 
c. Parenchymatous Vesicular Emphysema 
d. Bullous Emphysema 
e. Progressive Vesicular Pulmonary Emphysema 
2. Pulmonary Interstitial Emphysema 
3. Cystic Disease of the Lung 
H. New Growth (Tumor) of Lung 
1. Primary Malignant 
a. Bronchiogenic Carcinoma 
Nodular type 
Diffuse (ulcerative) type 
b. Alveolar Cell (parenchymal) Carcinoma 
c. Sarcoma 
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2. Metastatic 
a. Carcinoma 
b. Sarcoma 
c. Lymphoblastoma; Hodgkin's Disease; Lymphosarcoma, Leukemia 
d. Extramedullary plasmocytoma 
3. Benign 
Bronchial adenoma 
Cavernous angioma 
. Fibroma 
. Tuberculoma 
. Hamartoma 
Parasitic cysts 
. Fluid cysts 
. Primary amyloid tumor 
I, Injuries to the Chest and Lung, (from gunshot, stab wound or other trauma) 
1. Fracture of ribs 
a. With subcutaneous emphysema 
b. With interstitial hemorrhage of chest wall and subsequent calcification 
2. Traumatic pleurisy 
a. With thickening of pleura (dry pleurisy) 
b. With pleural effusion 
. Traumatic pneumothorax and collapse of the lungs 
. Traumatic pneumonitis from interstitial hemorrhage into lung 
. Traumatic pneumonia 
. Unusual forms of trauma; explosive or “blast” effect on the lung 
Pleura 
A. Thickening of pleura 
1. Dry pleurisy from infection 
2. Traumatic pleurisy 
B. Generalized pleural effusion 
1. With pneumothorax 
C. Localized pleural effusion 
1. Parietal 
2. Diaphragmatic 
3. Mediastinal (paravertebral) 
4. Interlobar 
D. Pneumothorax 
1. Bilateral 
2. Artificial 
3. Spontaneous 
4. Interstitial Pulmonary Emphysema 
5. Traumatic 
E. Tumors of the Pleura and Chest Wall 
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1. Primary 

2. Secondary 

3. Pancoast Tumor 
Diaphragm 
A. Contour 


1. Diaphragmatic adhesions 
2. “Scalloped” Diaphragm 
B. Mobility 
1. Immobilization from Infection 
a. Pleurisy—empyema 
b. Peritonitis—subdiaphragmatic abscess 
2. Paralysis—phrenicotomy 
C. Anomalies 
1, Eventration 
2. Diaphragmatic Hernia 
3. Congenital absence of diaphragm 
4. Diaphragmatic “Flutter” 


. Mediastinum —(Anatomy) 


A. Mediastinitis 
1. Pyogenic 
2. Tuberculous 
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Adenopathy 
1. Hodgkin’s Disease 
2. Tuberculosis 
3. Lymphosarcoma 
4, Metastatic malignancy 
5. Syphilis 
6. Boeck’s Sarcoid 
7. Erythema Nodosum 
8. Periarteritis Nodosa 
9. Primary Amyloidosis 
10. Tularemia 
11. Mediastinal Hematoma 
Primary Mediastinal Neoplasms 
Thymus Gland 
Substernal Thyroid 
Pathology arising from the esophagus 
Pathology arising from the spine 
Mediastinal Emphysema 
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NORMAL RESPIRATORY SYSTEM 225 
For the identification of pathological involvement SEGMENTAL DISTRIBUTION 
of the various lobes and their segments, roentgen RIGHT UPPER LOBE 


examination is the most important means at our dis- 
posal. Bronchoscopic injection of the various bron- 
chial subdivisions with radiopaque material followed 
by roentgen examination gives a clear, accurate indi- 
cation of the distribution of the various bronchial 
subdivisions. For greatest accuracy, examination of 
segmental consolidation due to lobar pneumonia 
should be the best method of investigation. Lobar 
pneumonia consolidation neither reduces nor en- 
larges the size of the segment; it merely replaces 
the air-content with inflammatory exudate. The 
problem comes in being able to collect over a long 
period of time, sufficient cases of segmental con- 
solidation from this cause. 

Various injection methods utilized for this pur- 
pose, require removal of the lung from the chest in 
the cadaver, insertion of a catheter into the proper 
segment and injection of radiopaque solution. 

Overdistension can usually be guarded against by 
mixing the radiopaque material with colored gelatin 
and carefully restricting the pressure so as to avoid 
distension. 

The accompanying diagrams were redrawn from 
Kane I. J., Radiol. 59:229, 1952, by courtesy of 
author and publishers. 


Bronchography*. Intratracheal injection of lipio- 
dol renders the bronchial tree radio-opaque thus 
facilitating its roentgen examination. 

The ir content ail present in the trachea APICAL SEGMENT (1) R.UL. 
renders that structure readily examined by ordinary 
methods for displace- 
ment, constriction or 
other evidence of gross 
defect. For smaller 
lesions more detailed 
examination may be 
made by tracheography 
after filling the trachea 
with opaque oil. The 
technique of this pro- 
cedure varies from that 
of bronchography; tra- 
Cheography consists in AXILLARY PORTION POSTERIOR 
filling the entire trachea SEGMENT (2A) R.U.L. 
momentarily for radio- 
graphic examination 
under general anaes- 
thesia while bronchog- 
raphy consists in out- 

Roentgenological Tech- 

nique). AXILLARY PORTION ANTERIOR 

the opaque oil, descend- Fig. 148A 
ing to the most dependent 






RIGHT UPPER LOBE 











POSTERIOR SEGMENT (2) 
A.U.L. 


lining the tracheal 
mucosa with opage oil 
under local anaesthesia, 
(for more detailed tech- 
nique see Manual of 





ANTERIOR SEGMENT (3)R.U.L. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 
found in the pictorial supplement at the end of the chapter. 
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PRINCIPLES OF ROE 


RIGHT MIDDLE LOBE 






RIGHT MIDDLE LOBE 








LATERAL SEGMENT (4) R.M.L. 
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MEDIAL SEGMENT (5)R.M.L. 
Fig. 148B 


position, fills the lower lobe bronchi and renders 
them clearly visible. Lipiodol injected into normal 
lung structure, at first reveals only the bronchi and 
their smaller bronchial branches, but within a few 
minutes, due to forces of gravity, capillary attrac- 
tion, and suction from localized atelectasis produced 
by occlusion of the bronchioles, the material enters 
the terminal alveolar structures. Here it presents a 
feathery appearance which is quite characteristic. 
Once it gets into the alveoli there is only one means 
of escape— namely, by phagocytosis and mechanical 
removal by these cells. As a result, it remains de- 
tectable in the terminal lung structure for many 
months; the bronchial portion is coughed up usually 
within a short time after anaesthesia wears off. 

It is possible to map out the entire bronchial tree 
roentgenographically by intratracheal injection of an 
opaque substance showing the size, location and dis- 
tribution of the various branches (see accompanying 
plate). This means of examination finds its greatest 
usefulness in the detection and localization of bron- 
chiectatic dilatation, and in bronchial obstruction 
from tumor or foreign body (q.v.). Numerous reports 
are in the literature calling attention to the advisa- 
bility of taking a “delayed” roentgenogram (1/2 to 1 
hour) after injection of opaque media. It evidently 
requires time for viscid media to find its way into 


EN INTERPRETATIO) 
small pouch-like cavities. (Kane and Heiser; Abrams 
et al.) (For the technique of bronchographic examina- 
tion see Manual of Roentgenological Technique.) 

A new, water-soluble opaque medium, IODURON- 
B, has the advantage of rapid absorption so that the 
lung field becomes clear again in a very short time. 
In 45 minutes it is secreted in the urine producing 
very satisfactory pyelograms. It is 3.5 diiodpyridon- 
4-N acetic acid dissolved in the sodium salt of cellu- 
lose glycol acid ether. It is somewhat more irritat- 
ing than lipiodol and requires more meticulous an- 
aesthesia. It was reported by Fischer and Muelly. 
A similar water-soluble substance advocated by 
Cummins and Silver; and Holden and Crones, has 
definite advantages in bronchography. 


Broncho-pulmonary Segments. The segmental 
structures have become very important because of 
the extension of surgery to these finer divisions of 
the lung. The combined efforts of the bronchoscopist 
anatomist and surgeon have served to identify the 
bronchial branches and their corresponding lung seg- 
ments (Jackson and Huber; Kramer and Glass; Niel, 
et al.; Brock; Boyden). Now it becomes the problem 
of the radiologist to identify and recognize pathology 
in these segments from the roentgenogram before 
surgical exploration. Making roentgen examinations 
of excised lungs after injection of the smaller 
branches of pulmonary arteries or terminal bronchial 
branches with radiopaque material will serve to dem- 
onstrate in a general way the size, form and location 
of the segmental structures. Using this information 
as a guide it is possible, by comparison with clinical 
cases of segmental pneumonia, to attain a much more 
accurate conception. Lobar pneumonic consolidation | 
is most suitable for such a study since it is produced 
by the exudation of inflammatory cells and serum 
into the alveolar spaces, replacing the air content of 
the lung without either increase or decrease in lung 
volume. From the information thus obtained it is 
possible to construct diagramatic representations of 
the various bronchovascular segment for the guidance 
of the roentgenologist in his interpretation of chest 
roentgenograms, (Fig. 148), (Kane; Temple and Evans; 
Ader; Brock). Angiopneumography of special vascular 
branches of the bronchi has aided in the diagnosis of 
surgical approach of segmental lung pathology. This 
is carried out by cardiac catheterization, (Cicero and 


Castillo). 
In view of the fact that “many authors in studying 


the segmental structure of the lung have recognized 
the existence of lateral or axillary regions, and point 
out that certain bronchi andarteries run atrue lateral 
course from the hilum to the lateral or axillary parts 
of the lung, and that others deny their existence atall.” 
DiGuglielmo and Bonomo of Stockholm have under- 
taken the examination of 500 cases of segmental le- 
sions with an involvement of lateral subsegments of 
the lung to determine their constancy and radiological 
appearance. Correlation of roentgenological with 
other findings would indicate that the accompanying 
figures (148E to L) represent most constant findings. 

“Thus the definition is proposed that the secondary 
lobule consists of the discrete cluster of 3 to 5 term- 
inal bronchioles, with their respiratory tissue, which 
arise from the end of a bronchial pathway, usually at 
intervals of about 2 mm. from each other and ar- 
ranged about a single or forked central pathway,” 
(Reid). 
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RIGHT LOWER LOBE 









RIGHT LOWER LOBE 


SUPERIOR APICAL SEGMENT 
(6) R.LLL. 





SUBAPICAL SEGMENT (6A) R.L.L. 








NTERIOR (8) AND LATERAL (9) 
BASAL SEGMENTS 





POSTERIOR BASAL (10) SEGMENT 


Fig. 148C 


Similar representation of the conformity and loca- 
tion of the finer lung structures has been illustrated 
by Parker, et al. after intensive examination of 4500 
cases of lobar pneumonia; they feel that the slightly 
varying type of this infection lends itself ideally to 
this type of investigation. Considering the slight ana- 
tomical variation which inevitably accompanies for- 
mation of all structures in different individuals, their 
findings are in substantial agreement to those pub- 
lished by others. 


ROENTGEN EXAMINATION OF LUNG FIELDS 
(Fig. 149). On roentgenographic examination the 
thoracic cavity is divided in the midline by the me- 
diastinum. The mediastinal shadow is produced by 
the superimposed shadows of the thoracic spine be- 
hind, the sternum in front, and all intervening medi- 
astinal structures, such as the heart and aorta, the 
trachea, the esophagus, and all associated lymphatics. 
The lung fields appear as two large radiolucent 
areas on either side of the mediastinal shadow. The 
bronchi, with their surrounding structures, produce 
branching linear markings in the lung fields, as they 
progress toward the periphery. 

For purpose of study and description the lung field 
may be divided into three vertical zones, (Dunham); 
the inner one-third containing the hilum shadow, the 


middle one-third containing the larger bronchial 
branches, and the peripheral one-third containing 
the smaller bronchioles and parenchymal structure 
of the lung (Fig. 149). 

The bronchial branches are maintained in a widely 
open condition by their cartilaginous rings. Owing 
to their air content they produce linear markings of 
decreased density on the roentgenogran.. They are 
accompanied in their course by blood vessels and 
lymphatics which divide and subdivide, becoming 
smaller and smaller as they progress from the 
hilum to the periphery. These structures, by reason 
of their blood and lymph content, produce shadows of 
greater density than that of the air-containing lung. 
They are supported by a surrounding peribronchial 
connective tissue framework which also adds its 
density to the formation of the linear markings of 
the lung. Since all of these structures are peri- 
bronchial in location, they are referred to as peri- 
bronchial markings. Or, since the chief structures 
concerned are the bronchi and the vascular struc- 
tures, they are likewise frequently referred to as, 
“bronchovascular” markings. They all go to make 
up the lung markings seen in the roentgenogram. 

Since the blood vessels are the densest struc- 
tures, they contribute most to the lung markings seen 
on the roentgenogram. The anatomical arrangement 
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SUPERIOR SEGMENT (LINGULA) LUL 


APICAL-POSTERIOR SEGMENT, LU 
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INFERIOR SEGMENT(LINGULA) LUL 
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POSTERIOR BASAL SEGME 


ANTERIOR SEGMENT, LUL 








APICAL (SUPERIOR) SEGMENT, LLL NT, LLL 


Fig. 148D 





Fig. 148E., Consolidation of the lateral subsegment 
of right upper lobe. 

a) PA. Band-shape density with clear cut 
lower margin corresponding to horizontal fissure, 
(RUL) b) Lateral. The opacity has a median location 
and superimposes the point where two fissures meet, 










Fig. 148F. Consolidation of later subsegment of LUL. 


(LUL) a) The triangular opacity is laterally located, 
b) The density lies above the hilum. 





Fig. 148G. Consolidation of lateral subsegment of 
R.U.L. 

(RUL) PA and Lateral, Density is situated anterior- 
ly above the horizontal fissure and corresponds to the 
lateral branch of the anterior segment. 





Fig. 148H, Consolidation of lateral subsegment of 
R.U.L. PA, Lateral. The opacity is in contact only 
with the oblique fissure and does not reach horizontal 
fissure anteriorly. It corresponds to lateral branch 
of the posterior segment, 
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chea but no lung tissue, or, c) extreme hypoplasia 
with the bronchi fully developed but small, ending in 

a fleshy mass without lobe formation lying in the 
mediastinum (Deweese and Howard). Or there may 
be atresia of the trachea or bronchi with develop- 
ment of congenital bronchiectasis or lung cysts; 

there may be defects in the diaphragm or complete 
absence of one side. Anomalous development of the 
lobes and interlobar septa may occur in any location 
in the lungs. Two such variations are commonly 

seen (Fig. 150A): the Azygos Lobe (A) (Bendick and 
Wessler), being a subdivision of the right upper lobe 
along its medial side by persistence of a cordlike 
remnant of the azygos vein; the other common anoma- 
lous development is the Accessory Inferior Lobe (I) 
indicated as a triangular shadow in the medial side of 
the base of the lung. An anomalous middle lobe has 
been reported on the left side (Hardman). Instances 
have been reported of simultaneous occurrence of an 
area of congenital cystic 
disease of the lung with 
failure of communication 
with the normal bronchi 
with associated blood 
supply by aberrant ar- 
teries from the aorta 
directly to the lung 
parenchyma, (Lalli, et 
al.). This gives rise to 
severe pulmonary se- 
questration with signs 
and symptoms which 
are relieved only by 
operation. Similar instances have been reported by 
Bruwer, et al., and Jensen and Wolff. 

Pectus excavatum, a funnel-shaped deformity of 
the chest with the lower end of the sternum markedly 
depressed, and pectus carinatum, the so-called 
“keeled breast” or “chicken breast” are two rela- 
tively common deformities of the chest. The former 
may be so great as to interfere with proper function, 
it is amenable to corrective surgery; the latter rarely 
needs correction. Neither deformity is well visual- 
ized roentgenographically without application of 
barium -impregnated gauze over the chest wall to 
outline the deformity. 


Fig. 150A 


PHYSIOLOGY OF RESPIRATION 


The lungs may be considered as elastic inflatable 
bags, fixed at the hilum, free to move elsewhere and 
to expand within closed thoracic cavities. The trachea 
and bronchi communicate directly with the inside of 
the bag permitting air to enter. The lungs are in 
close contact with the thoracic wall at all points; the 
“pleural cavity” is only a potential space, it does not 
exist unless it is filled with something such as air 
(pneumothorax) or fluid (hydrothorax). During nor- 
mal respiration the thoracic cavity is enlarged by 
muscular contraction; the lungs, being closely adher- 
ent (cohesion) to the chest wall, are pulled outward 
with it. Being elastic they expand to fill the enlarged 
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thoracic cavity. During expiration the air is forced 
out by the “milking” action of the lungs and the elas- 
tic recoil of the lungs and thoracic wall. Forces 
which tend to aid in expansion of the lungs during in- 
spiration are: the muscular contraction causing en- 
largement of the thoracic cavity, negative pressure 
in the thoracic cavity, and cohesion of the parietal 
and visceral pleurae. Factors which tend to hinder 
inflation of the lungs and which must be overcome are: 
friction of air as it passes into the constantly dimin- 
ishing air passages, and the natural elasticity of the 
lung. Factors favoring expulsion of air in expiration 
are: elastic recoil of lung and chest wall, together 
with muscular action. The factor which has to be 
overcome during expiration is, the friction of air in 
being pressed out of smaller structures of the lung. 


RESPIRATORY FUNCTION. The principle func- 
tion of the lung is the aeration of the blood; the two 
structures concerned in this, the alveolar air and the 
capillary network, come into close relationship in the 
terminal air cells. There is still some controversy 
as to just how this is accomplished. The alveolus is 
lined by a continuous ring of flat epithelial cells as 
demonstrated in the microscopic sections shown by 
Wm. Snow Miller, from a case of acute pneumonia in 
which a zone of edema had completely lifted off the 
epithelial ring. 

In viewing the microscopic structures of the alve- 
oli it seems hardly possible that the thin delicate 
wall between two air cells could be composed of two 
layers of flat epithelium for the lining membranes of 
the alveoli, with intervening interstitial tissue in 
which the blood capillaries are located. Yet that this 
is the case has been amply demonstrated by cases in 
which this space has been attacked by inflammation 
such as virus pneumonia, or edema, 

The blood capillaries form a sheath covering the 
alveoli on either side, presenting their epithelial 
lining in close contact with that of the respiratory 
lining of the alveolus. Gaseous exchange between the 
blood stream and alveolar air takes place readily by 
atomic diffusion through these two membranes, 

Heavy strands of elastic tissue stretch like guy 
wires over the alveoli limiting their distention during 
inspiration and assisting in their elastic recoil, dur- 
ing expiration. The capillary network lying over the 
alveoli is in turn protected from squeezing by two 
adjacent over-distended alveoli by this regulatory 
mechanism. The best indication of what might happen 
without the protection afforded by the elastic tissue 
to the alveoli is the observation of the results of 
their over-distention as seen in diseases such as 
emphysema in which the capillary network is so com- 
pletely squeezed by the enlarged alveoli that they are 
almost obliterated. 

The capillaries are directly exposed to the 
changes in pressure in the pleural cavity however; 
that these changes during respiration, aid the circu- 
lation of the blood through the capillaries there can 
be no doubt. The decrease in intra-thoracic pressure 
during inspiration, applied directly to the capillary 
network, increases their engorgement, and causes 
temporary stasis, thus favoring aeration of the blood. 


230 


By this means the blood volume of the lung can be in- 
creased 50%. The air volume is increased by even a 
greater percent so that the roentgenogram of the 
chest during full inspiration shows greater illumina- 
tion and brilliancy; during expiration the ratio of air 
volume to blood volume decreases so that the roent- 
genogram taken in this phase of respiration loses its 
brilliancy. 

If anything should interfere with the normal cir- 
culation of the blood through the lung, such as an em- 
bolus, infarction of the involved segment of the lung 
may take place. The circulation of the lung is pecul- 
iar in that it is one of the few places provided with 
two circulatory systems: the bronchial from the 
systemic circulation and the pulmonary confined to 
the lungs. These two circulations mix in a capillary 
network surrounding the terminal bronchioli and air 
cells. If the bronchial circulation remains intact it 
may be sufficient to maintain the nutrition of the lung 
structure and necrosis may not take place; if on the 
other hand, infarction involves the circulation from 
both bronchial (systemic) and pulmonary vessels, 
necrosis will result. 

The alveoli, or terminal air cells, are lined with 
a single layer of respiratory epithelium, transform- 
ing into the columnar type for the ductuli alveolarae. 
At the periphery in the parenchyma of the lung, the 
walls of the alveoli abut against one another with in- 
tervening interstitial fibrous tissue in which capil- 
laries run to furnish blood for aeration. During 
respiration the difference in air pressure of atmos- 
pheric air and intrathoracic air cause the alveoli to 
alternate degrees in distension and collapse. 

Elastic tissue entwined in the alveolar wall as- 
sists in the expiration phase of respiration and acts 
as a safeguard against over distension during in- 
spiration. Removal of this safeguard by disease or 
deterioration of the elastic bibers will result in 
overdistension and rupture of the alveoli into one 
another producing pleural blebs and bullae, and 
emphysema. The nature and cause of the condition 
which can affect the elastic tissue either as a re- 
sponse to local conditions in the lung of a disease 
process affecting the entire lung is not completely 
known. Relatively little fundamental research has 
been done on the elastic tissue of the lung. Ebert 
has determined that in emphysema the lung has lost 
its elasticity especially in the last phases of expira- 
tion. It has been demonstrated by volume curves 
that the residual lung volume remains extremely 
high at the end of respiratory effort in emphysema; 
compared to the normal lung showing natural 
elasticity. 

The alveoli communicate with adjacent air cells 
by small openings or pores of the same lobule; these 
form a means of colateral ventilation which probably 
prevents collapse of small segments of the lung in 
the case of minor blockages of the smaller air pas- 
sages. 

Westermark has pointed out how alveolar pres- 
sure may be transmitted to the lung circulation as a 
means of diagnosis; intrapulmonary pressure may 
be raised by the valsalva exercise pressing blood 


PRINCIPLES OF ROENTGEN INTERPRETATION 


back into the intact circulation thus differentiating 
fluid blood in the lung circulation from clotted blood 
in thrombosed vessels. In an early embolus, this 
manuever will determine if both bronchial and pul- 
monary circulations are interfered with. 

Rigler has graphically demonstrated how the val- 
salva and Muller manuever may affect the intact cir- 
culation of even a normal lung, decreasing or in- 
creasing the size of the pulmonary arteries. Since 
the heart and its chambers serve as a reservoir for 
the blood, the effect of such manuevers on the cham- 
bers of the heart and larger cardiac vessels has also 
been graphically shown where cardiac abnormalities 
exist. High alveolar pressure with valsalva exercise 
results in compressed vena cava and heart; whereas 
with the Muller a low alveolar pressure results with 
dilatation of the vena cava and heart. 

With partial obstruction of the trachea or bronchi 
on inspiration the alveolar air pressure is low and 
the alveolar blood flow is correspondingly increased 
because of the increased space available; the walls 
of the veins practically being formed from the alveoli; 
on expiration there is only partial exhalation with de- 
velopment of emphysema, with reduction of return 
flow of blood to heart and decrease in heart size. 

Unilateral pneumothorax with collapse of one lung, 
causes increased diversion of the blood to the other 
side. Unilateral atelectasis with intense engorgement 
of blood in the atelectatic lung. Various types of in- 
teratrial and interventricular shunts result in vascu- 
lar engorgement. 

Any change in this natural sequence will cause in- 
terference with the normal respiration mechanism; 
loss of negative pressure in the pleural cavity 
(pneumothorax) causing collapse of the lung and 
sessation of respiratory function; increase in pres- 
sure in the pleural cavity beyond atmosphernic level 
such as that produced by flap-valve action during 
respiration, may cause varying degrees of shift of 
the mediastinum to the opposite side or even hernia- 
tion of a weak spot in the mediastinal wall. 

Failure of the elastic tissue of the lung, from 
whatever cause, will result in undue dilatation of the 
alveolus and lowering of the alveolar pressure, with 
production of emphysema. The dilated alveoli, sub- 
jected to unusual strain, rupture into adjacent 
alveolar structures resulting in blebs and bullae, 
eventually forming air cysts. This condition in turn, 
by reason of the pressure produced on the alveolar 
walls and bronchioles prevent proper egress of their 
air on expiration, and proper capillary circulation, 
thus producing a pronounced deficiency in respiratory 
function. 

Increase in alveolar pressure on the other hand 
may result in failure of complete alveolar filling. 
Complete obstruction of a bronchus results in rapid 
absorption of the entrapped air, and atelectasis. 
Partial occlusion of a bronchus leads to increase in 
pressure in the obstructed portion with bronchial 
dilatation and bronchiectasis. 

In the face of edema or inflammation, these pores 
are soon clogged and this mechanism is of no avail. 
Atelectasis of small segments of the lung which 
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follows occlusion of small bronchial branches is evi- 
dence of the fallibility of these openings to prevent 
segmental collapse. 

Occlusion of the larger air passages is followed 
by atelectasis of the involved portion of the lung, by 
simple process of absorption of the entrapped air by 
the circulating blood. 

The lymphatic vessels lie in the interstitial 
spaces but do not form a capillary sheath about the 
alveoli; at the level of the ductuli alveolares they 
anastomose with the perivascular lymphatics and ac- 
company them to the pleural surface. They all empty 
into the right thoracic duct which, because of its small 
calibre constitutes a “bottle neck” in the absorption 
of any great amount of exudate in the lungs or pleura. 

The water and electrolyte balance is maintained 
between the circulating blood and interstitial tissue 
of the lung, as elsewhere in the body by the simple 
expedient of thirst. Excessive amounts of water are 
rapidly removed from the lung by direct absorption 
into the circulation with little if any change in the 
lymph flow. 

The lymphatics maintain the proteid balance by 
returning proteid lost through edema or inflammation 
back into the blood stream. Any edema in the lungs 
leads at once to pronounced increase in lymph flow. 
Anoxia is one of the main conditions which favors 
edema, and since edema itself results in anoxia by 
filling the alveoli and obstructing the access of air to 
the respiratory epithelium it is obvious that a vicious 
circle is soon established. The rapidity with which 
edema of the lungs once started progresses to almost 
complete obscuring of the lung, is very evident in the 
roentgenogram, 

The question of peristalsis in the bronchi and 
trachea is one which has never been definitely settled. 
Fluoroscopic observation of peristaltic contractions 
has never been made (Fleischer). A series of tra- 
cheal contractions during cough have been demonstra- 
ted roentgenographically, but these give more the im- 
pression of spasmodic contractions to expel mucus 
(DiRienzo). (See editorial by R. P. Barden.) 


PREOPERATIVE LATERAL LAMINOGRAPHY OF 
CHEST. Maladed and Pantone have stressed the 
value of lateral laminography of the chest for depict- 
ing the site and extent of pulmonary lesions. It is of 
value in 1) detecting location of fissures; 2) determ- 
ination of the extent of disease, 3) presence of 
cavity formation, 4) for neoplasm evaluation, 5) for 
separation of superimposing shadows seen in routine 
lateral chest roentgenograms, 6) visualization of 
dilated bronchi and 7) blood vessel demonstration 
and demonstration of bone structures. 


RESTORATION OF FUNCTION AFTER OPERA- 
TIVE PROCEDURES. In recent years advance in 
technical operative methods has made possible op- 
erative resection of the involved area of the lung 
(Graham). It devolves upon the roentgenologist, how- 
ever, to localize closely the areas of lung involve- 
ment. This localization must be done by lobes since 
the operative procedure consists in removal of the 
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affected lobes entirely. For this purpose bronchogra- 
phy is essential. It is no more difficult or hazardous 
to remove the right middle and lower lobes together 
than to remove only the lower lobe. The oblique 
views serve well to outline the various bronchi thus 
enabling localization to the lobes they supply. The 
lingula of the left upper lobe must be considered as a 
separate lobe for purposes of this localization since 
it is frequently involved. 

Ware and Strauss have demonstrated a method by 
which reexpansion of the remaining lung after opera- 
tive removal of a segment may be observed, using 
metal clips fastened to the lung margins. 

Bronchography is especially valuable for deter- 
mination of the reexpansion of the remainder of the 
lung after surgical removal of a lobe or segment 
(q.v.). 

A study of compensatory reexpansion of this type 
by Boyer would indicate that the remaining bronchi 
with their associated parenchymal structures fan out 
and expand to fill up the space produced by removal 
of a segment of the lung from whatever cause. As a 
general rule following loss of the upper lobe, the re- 
maining lower lobe bronchi fan out into the upper lobe 
space, whereas in lower lobe deficiency the remain- 
ing upper lobe branches swing down into the space 
left vacant by loss of the lower lobe. The greatest 
suction force is exerted on the structures imme- 
diately adjacent to the defect. The structures at the 
periphery are less restrained and freer to move, 
whereas those at the hilum are more restricted; as a 
result the suction force is greatest on most pendulous 
portions of the lung and the bronchi are displaced ac- 
cordingly. Even the main stem bronchi may be dis- 
placed upward or downward depending upon the degree 
and character of the force exerted. Lung biopsy of 
diffuse pulmonary disease processes of the pleura or 
lung tumors is no longer the formidable surgical 
problem which it formerly was. Theodos, et al. have 
pointed out the relatively simple procedure which can 
be carried out through a small incision under local 
anaesthesia. The benefit derived therefrom may be 
decisive in the diagnosis and subsequent procedure. 


DIFFERENTIAL DIAGNOSIS OF PULMONARY 
LESIONS. The differential diagnosis of lung pathology 
depends upon an analysis of the roentgenogram and 
correlation with the clinical history even more so 
than that of the bony structure (q.v.); so much so that 
it is hazardous in any instance to make a diagnosis in 
any condition without correlation of the pathological 
findings with the history and clinical manifestations. 

Similar elements in analysis are essential to those 
considered under the diagnosis of bone lesions. 

Roentgen diagnosis of pulmonary lesions required: 
1) detection of pathology in the roentgenogram which 
presupposes a thorough acquaintance with the normal, 
2) its proper evaluation, requiring a profound knowl- 
edge of the various lung changes resulting from vari- 
ous diseases, 3) correlation of roentgen manifesta- 
tions with various elements of the history and clinical 
findings and, 4) an exercise of judgment as to the 
greatest degree of probability under the circum- 
stances. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 





The lung is made up of so many varying tissues, 
of both the conventional variety, found elsewhere in 
the body, and of special varieties peculiar to the lung 
structures itself; subject to so many types of reac- 
tion, from infection, injury and malignant disease; 
requiring such varied periods for the course of the 
diseases, and exciting such varying types of reaction 
for the healing of the disease processes that only a 
profound knowledge of the mechanism of diseases can 
a differential diagnosis be reached with any degree of 
accuracy, (for a comprehensive study of the mech- 


anism of disease the reader is referred to “ Pathologic 
Physiology: Mechanisms of Disease,” by W. A. 
Sodeman and his collaborators). 

Fibrous tissue is the universal reparative struc- 
ture of the lung. It responds to toxicity of infections, 
to the destruction of trauma; it seeks to limit detri- 
mental processes and sometimes by excessive de- 
posits defeats its own purpose. A critical analysis of 
the various conditions presents various methods of 
fibrous tissue response. Mitchum and Brady have 
analysed their roentgenographic appearance. 


Chapter XVI 


PATHOLOGY OF THE RESPIRATORY ORGANS 


LARYNX 


FRACTURE OF THE HYOID BONE. The laryngeal 
cartilages and other soft tissue structures are well 
outlined by the surrounding air (Fig. 151A & B). Or- 
dinary roentgenographic examination of the larynx 
gives the greatest information in the lateral position, 
whereas, examination by the body section method is 
best suited to the postero-anterior position. 


Teachea . 


€ sophagus 





(B) 


Fig. 151 


In the lateral position (A) two examinations are 
made, one during phonation, pronouncing the letter a, 
a, ----, the other during forced expiration (valsalva 
exercise). Structures to be identified are: 


Larger cartilages forming the framework of 
the larynx, thyroid and cricoid cartilage and the 
other smaller cartilages if calcified. 

Ventricle, the air-filled space between the 
true and false cords. 

Arytenoid cartilages, the small pyramidal car- 
tilage giving attachment to the cords. 

Epiglottis, the large spoon-shaped cartilagi- 
nous structure projecting upward over the glottis 
and protecting it during deglutition. 

Aryepiglottic fold, or fold of mucous mem- 
brane between the aryetenoid cartilages and epi- 
glottis. 

Vestibule, the space just above the epiglottis. 

Pyriform sinuses, the pouchlike structures 
which extend downward on either side of the larynx. 

Vellecula, the two small crescentic pouches 
higher up. 

Trachea, the air passage below the larynx 
extending to the lung. 
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Triticeous cartilages, small round or oval 
cartilages in the lateral hypothyroid ligament, 
(Grossman). 

Other adjacent structures, posterior pharyn- 
geal wall, base of tongue, hyoid bone. 

In the postero-anterior position, (B) body sec- 
tion roentgenography gives most information. The 
entire air passage way is well outlined in “cross 
section.” Two constrictions are produced by the 
false and true cords with intervening rounded area 
for the ventricle. On either side the pyriform 
sinuses may be clearly visible. Lower down the air 
passage again widens as it passes into the trachea. 

Conditions in which laryngeal examination is 
helpful in diagnosis are: 


1. Tumors of pharynx--projecting out into 
pharyngeal space. 
a. Papilloma--visualization of actual outline 
of growth. 
b. Carcinoma; Lymphoblastoma-- infiltration 
laryngeal wall. 
2. Paralysis of vocal cords--failure to visualize 
ventricle. 
3. Laryngocele--large air-filled pouch on either 


side of the larynx. 

. Retropharyngeal infiltration; abscess or tumor 
bulging of the retropharyngeal structures into 
pharynx. 

. Infections--failure to visualize ventricles. 

a. Tuberculosis 
b. Syphilis 
c. Diphtheria. 

For a more detailed consideration of the tech- 
nique of laryngeal and hypopharyngeal examination and 
demonstration of lesions in these regions see articles 
by Welin. Roentgen examination with tomography 
may be very helpful in carcinoma of the larynx (F. E. 
Leborgne). The technique for vocal rehabilitation of 
the laryngectomized patient has been explained in 
detail by Conley, et al. 


TRACHEA 


FOREIGN BODIES IN TRACHEA (Fig. 151C). 
Disclike foreign bodies, such as coins, lodging in the 
trachea, tend to assume an “on edge” position in the 
Sagittal plane. This is due to the fact that the carti- 
laginous tracheal rings are complete with the excep- 
tion of the posterior portions where the defect is 
bridged across with elastic tissue; therefore the only 
position in which the tracheal diameter can be in- 
creased is in the anteroposterior direction. Gian- 
turco and Miller have described a new instrument for 
insertion of a catheter into the upper trachea to facili- 
tate the rapid injection of contrast medium into the 


234. 





Thee Hie : oe 


BS jig: nade aed Dionoatt - ally hick: was s absorbed A 
within one week, Disclike foreign badies, lodging in | - 
the esophagus, on the other hand, assume. ‘a “flat” SES fee 





position in the frontal plane; only very rareiy have - 


oe ‘disclike intratracheal foreign: bodies been sen 


as lodged In a frontal plane, This is due to the fact - 


0. that the: esophagos. ia flattened from before backward, - Sere 
 “pvaking the transverse diameter the widest dimension. | 
Open safety pins and other foreign bodies of this type |: 
May also-take on similar positions but sharp- polnted e 

: objects may be retainéd in any position. 


my The long-standing intrabronchial foreign: body: 
: presents problenis of disgnos 
are Very. different from those associated with we. 





: tory to: sugesst the original incident; the ‘sinical: 


picture ts usually lauded by super-added pathologi- : 
‘cal changes - ‘atelectasia, pneumonitis, bronch-~ —. mS ; 


: iectagis, oF lung abstess - and the Bronchoscopic 


appearances are often misleading. Even when cor~_ a ab 
rectly diagnosed, the SHC of treatment is not al Boe 
= ways enay.- *S 
: “Sixteen auch cases ‘are. ‘presented i an attecipt A 
to. find common. characteristics, recognition of which — 
may assist correct diagnosis in thia nok unegmimon = | | 
| hilar attachments. Most such injuries occur in'chil- 
| dren and young adults, and fractured ribe are anin- 
frequent. accompaniment. 82 cases collected. eae 
1... ©— Hitherto, end to end anastomosis has been gone ys 
: sidered impossible after resection of a trarheal Bee eee 
_| ment Jonger than 2 crm, and various. materials have See 


~ gondition.: In addition, the problems of SSeIInED 
: must be. conaidered in seach Eases Unions: 


TRACHEAL DISPLACEMENT. The trachea, 


id teanas of its air content and the surrounding soft. 


tisaues, shows in the’ anteroposterior. roentgenograi 


a8 a dark streak superimposing the tervical apine. ekg 


In newborn infants it measures 9.5.9 4.5 mm,, ose 

aE the. corina and the origina of the right and left main. > ~ 
bronchi, is reported and 2 new technique is described Ese 
| whereby this corina tumor was resected and continu: any 
| ity of the bronchial tree restored without, PRROHE BE: eee ey 


(Donaldson and Tompsett), whereas in the: adult its: 


measures about 1,6 cm. wide is the niidiine Santina 
within the upper mediastinal shadow, Ordinarily the 
- tracheal fartilages are not visible; in later iife Jhey SS 
3 ope ere afte although the gap was 5. om. * seh 
Suctg “The trachea may be displaced from its normal | ES a 
eae midline pasitian: either by star tissue retraction rer |. a 
EP suiting from sonie adjacent inflasamatory process, 
pressure from a timor or growth, on by variation in | 
= datrathoracic pressure on the two ‘aided Cris: ‘atelece >: 
oe - tasis. It may be pushed over by x new: rie hts or bye 
--.. perplasia of an otherwise normal pkrunt Ue eee 
_. largement of the thyroid gland may: Conbe Kungider- 
‘able degree of tracheal displacement; AY te: always 
- gavisable therefore to determine by hochigehographic 


x: may: become visible due to caleification, Sees Ay 


: examination any deviation: of the trachea irom Ka es 


z graphically. Such eflargementa of the glanit oo. 
| sion into the substernal region can be readily seen at 
| roentgen’ exumination. Acute hemorrhage into the thy-. oe 
-Pold gland tr adenomatous goitre may cause rapid en~ 
“| largement of the shadow of the thyroid with dangerous. 
| or fatal tracheal compression. Occasionalty, pressure 

}-on the trachea from goitre, maintainedfor alo ; 
of time, may fesult in permanent collapse of the: trachea 
| from pressure atrophy of the cartilaginous atructures . 
| requiring trachentony. and ihe permanret weary of oo 
: raeneotony. tube. ae 


wis and treatment which: o 


PAINCIP LES oF P ROENTGEN INTERPRETATION 


hie | “midline position before goitre operation. 





‘Retropharyngea!l absveas may cause marked ' 
“forward Gaplacement: of the pharyox and trachea. 


THACHEAL COMPRESSION (Fig. 152). Con . o 
- prebstian a ‘Oe, : rachee from hyperplasia of adja~ 


_ Cent organs or trom 
few growthe 1s usu-. 
ally feadily. demon-. 
O =Strable? “Tracheal - 
tapas. -forpression from 
. 4, . thymic enlargement 

) - an-infaste, may he _ 


Be anstrate: it can beat 
we ie ehown in the tak-.. 


: yi, Serene Tumors. a 





pecially aubeterial 
lobulations: ‘of the © 


Pig: 452 


sure on the trachea saniy 5 demonstrated roent 








<Bickiorad and: ‘Roberbina have Departed: exireme | 


So subcutaneous emphyseme of chest wall without-bone - 
injury. Rupture lower end of. trachea, by hetng: thrown 
against steering wheel. | 


Lungs are thrown. forward violently on their 


been used as grafts in such cages... 
A case of cylindroma of the krachen, involving - 


- CONGENITAL ANOMALIES. _ 





| very difficalt to deme 2 


~ eral chest’ uenlaene eae 


‘gland: may couse pres L 


4uhy) 


Cong catia, abe dai ea 
sie pence, deformity, tmaldevelopment; Or fasion. ‘of: the SAP, 
tracheal rings may result in difficult: seapiretion. 
Deficiency “of: the cartilaginous. ‘rings. posteriorly - 
in the newhorn: may result in tracheal ‘bollapse: - 
| with each inspiration without the: RRSSEnne ot any 
ue other constricting factor, eke Fey whe, 
‘Buckling of the trachea in ‘young: Infante may ‘be: 3 

due to soft cartilaginous. rings, This gives rise ta 


| earning inemiratay, Re Atresia is more bom oH 


E23 -foentgen signs. S 
Sees Alter prolonged bbeervation. of puch: cases one eH 
Se os forced te the conclusion that this is primarily. a 
ss elinital diagnosia in which Foenten SESSLER 
Ses plays little AD any part. a 


3 paul most st ehonnuaced in the. filiem resins: and 


lower lobes; the hilum shadows bacome enlarged. ax~ ot - 
tending inte the middle zone of the. quag field; the: |. 4 
 gmaller bronchial markings, by reason of their ace. 
Seu  centbation trom inflammation may extend well to the » 
eS periphery, of the lung. into the third: ‘oF outer zone, 


- Acute reapiratory infection. may be caused iy 
either bacterial or viral infection; these cannot be. / 


differentiated when they involve the bronchial rome a 


tates: vom 


largement of the hilum shadows. The appearance 


. produced in bronchitis is an accentuation of the © | 
larger trunk markings, especially those supplying the | 
> lower lobes, radiating downward and outward as: ‘y 


| sag. contloed more. or. ese: to the larger bronchial : ne i 
branches: the main manifestation is geen aa anen- - ae | 


PRINCIPLES OF ROENTGEN INTERPRETATION | 


— 





Haar shadows, Adenopathy of the hilum glands. can. . ze | eas 


- also cause enlargement of the hilum shadow butin.® ° | | Pave | ‘ : 
this instance the appearance is that of more rounded © ae 3 oe 
ae ‘ghee confined to the bronchial and peribronchial + yee 
| gions, often may not have any roentgen characteris- © — 
‘ties by which they can be distinguished from online) 
‘bacterial infection. Virus infection may be sunita’ 

2 pee eo these tegions leaving the A piorpe licen 


nodular structures than one of radiating character. 
Heard has reported methods tor fixing lungs: © 


x wranis: and impregnating slices with barium: sulphate at 
tan reves) the mildeat grades of diffuse emphysema 
before histological examination. Ditfuse Sraphy seman ? 


may be contrasted with. centrilobular emphysema, 


| although. they are distinct forms, they often NEEAT in one 
ae ss ‘anel eneuonia hag other eiotingushiog characteris - 
See i Aang viras baenmonta). 3 

oye At fonien infection seems to a os 
“ hava @ predilection for the terminal bronchioles | 


| bi same lung, sometimes intimately mixed. 
BRONCHIOLITIS.. 
' pausing widespread tales, without distinctive roent- 


gen findings. On healing there is a tendency ta for- 
gation of minute fibrous tissue nodules or as claimed 
by some, even multiple pin-point ealeifications. They. 
may be confused with the minute infiltrations. of. SbeS 


infections. In recent years it has been thought by 


some that these cases may be due to mycotic infec~ | 


tion such as Histoplasmosis; others feel that Bee can 
detect roentgen ‘signa istinctive oe the disease: | 
(Koch). . | 
In a recent article. ‘Dennig, et al; on the asin 


_of the analysts of 1200 cases of bronchiolitis occur- : 
ring in children, have determined the salient features | 


of the syndrome. tee eee 


Te usually ptarta: ag. a upper ‘respiratory infec-. : 


ton: ‘produ HO Eris ‘bronchiolar obstruction, tnflamma~ 
tory QedEnia: and exudation; which in turn csuses 
dyspiicea, cough, expiratory. wheezing and emphy- .. 





sema: réaembiing asthma with respiratory. fateenioe. 3 


however the patient with bronchiolitis does nat react | 
ote. epinephrine like asthma. 
The treatment is mainly supportive aid symp- 
: tomatic; Complications. such: as hronphogseumonta:,: 
and right heart failure. 
| - The condition being cdanely akin to asthmatic 
pathology one. would eepett little: if. any HSH REEVE: 


2 JNPLUENZA” ay vIRUS 3 BRONCHITIS, tht 
1 lie SDS arett Nee © of acute’ be eee rate intec tony 





: y NOSIS. Bronchostenosis: may be caused either 
‘| ternal orclusion of its himen or. 
| gn the wall of the bronchus.” 


; 1 to. inte rnal occlusion. 


esbotes 


ASTHMA. hates iteelt persdute 6 ne i Sepieee: ea 


: teristic roentgen picture; there is some increase in 
dung markings but. ab evidence of athex abnormality. >. 
Only when, as 2 feselt of long-standing chronic ins = 

volyem ent, emphysema. results, i- there any acon at Si 
e sieehhe variation froma’ the aormal a; ee 


PRR Corer IEE): 
. Secondary: changes. tn the: inng. reaulting’ ee cs 


Cardell and Pearson have painted ‘put: that; min 


oe | recent years it has become atcepted that asthma Ges ee . 
not the benign disorder which leads to discomfort bu 5s 

never. to death that it-was. thought to. be 30 years, AROS Be 

They have illustrated with photomicrographe micray ee % 


scopic slides of the lung, showing a medium sized 


bronchus with mucas in the lumen, thickened wells, 0 
p amd- prominent bagem ent toembrane, | ‘Similar photo~ | 
wnicrographs. ‘et bronchioles are. shown. with mucua in. 
the lumen, thickened: ba setnant onerbrane. on a9 or 
‘ eosinophilic intiitration of the wees: : 


| BRONCHOSTENOSIS. 


-@TIOLOGY AND RESULTS OF BRONCHOSTE- 4 





: yy external ressure ee 





“The: principal causes. ot bronsliowteinials are: Pees 





If there is complete. oceluatdn: or ee seach 


e A from any cause, 6 that no air can enter or leave: the ea AAS 
3 oO | obstructed portion of the lung, then within a very 0 
| short time, often only a few hours, the entrapped air a ee 
| remaining is absorbed by the circulating bloed and” 
ae eee at Bie ee? becomes: AER URCRAEE 


This ee 


| cmphyaeran: Tay ‘produce pulmonary Ay perteasion: oF a es 
q oe pulmonale (asver | ps 239)... : 
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= iat . Pe & tof € TARE T tEege ee  e S 


presenta euch a characteristic roentgen picture. that” ess spo ernie 


it can be readily Tecogiized “see section on Atelec- oie 


tasis, arses 
’ Complete stenosis of a Seay by gikecaal. 
presaure: is very tare. The lung is elastic andthe 


sure by a large mass would be expected to cause - 
bronchial occlusion from external ‘pressure. ‘When. 


this doee occur, it is usually due to pregaure on the _ 


stmaaller bronchioles. See, 
Large tumors of the lung ar = sedlastinain, or. 
large masses of mediastinal lymphnodes. roay, by 
their pressure, produce bronchial stenoeis. Large 


aneurysms of the sorta or enormone dilatation of the | 
left auricle of the heart may, under. exteptional: at i: c 


cumstances, cause sufficient pressure to regglt in 
complete bronchostenosia and atelertasis. These 


are all very rare, however. Instances have been ea~ ae eG s i 
- countered where bronchastenosia has been caused by | 


Gane external adhesions following. inflammation. 
BRONCHIAL DI LATATION 
‘Partial occlusion of 2 bronchas from extern 


tion af the lung which is compensated for. by the adja- 
cent normal lung, Decrease in the excursion of the — 


involved segment of the lung removes ane of the most 


important aida to pulmonary blood flow, favoring - 


sega of bronchiectasis Lane are e ireee: 


condition. The abrupt angle produred by the middle 
lobe bronchus a8 it comes off of the bronchial tree— 
renders it very susceptible to pressure from an en~ 
larged lymph gland at the hilum. Partial occlusion — 


surrounding lung structure. Ses 
Roentgenclogically the middle lobe becomes - 


: densely. consolidated; although airless it ig nat. con~ 3 
tracted to the same extent as Atelectasis. wm bron- |}. 
chographic examination the bronchial aiructsres: say a 


not fill readily, but on delayed exambiation atte: 
short interval the opaque material will be tound — 
pooled in the dilated bronchial structures. 
Microscopically the lung shows chronic: indura- 





lated bronchi with varying degrees of zitlessness, : 


Lobectomy ig the only alternative for Ure, Graham). ‘ | 


-BRONCHIECTAS® (Fig.-2 64). Broce hlectisks ‘ip 


is a dilatation of the bronchi due to: pathological 


changes in the bronchial walle and adjacent struc an 
tures, It may be ‘gongenital or acquired, The cangen~ : 


ital form ia due ta some congenital fault in develop- 
bY a pears process we miaste tn Die bilum region 


bronchi: ae readily displaced; only very firm pres- ZL eee es 


: Poe just beyond those showing cartilagin ee 
| rings-in which the main support of the broechia} wall ig 
AB frons. tuaculatire and elastic: Meme. | ae 
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: a | and progresses outward as the lung daveiosa _Any. fault: an 
4 dn the natural progression of the procesa jeaves im- — 
mature bronchial pouches: which. are often devoid ob 


ie 4 elastic or muscular tissue and ¢ uently Have id 
‘preasure resulis in deficient expansion of this por- angequently 


means of resisting: abnormal. dilatation. Such iair- 


| filled dilatations of the bronchi in the strict sense — ae 
| may be considered as bronchiectasis but in the ab- — ~ 

| sence of 
_| cyst, OF 
stagnation of the circulation and edema ‘af the a 2 os * 
-ehymal structure. This, in turn favors infection and} Genta the condition which we think of as bronchiec~ 
if this should occur all of the elements necessary for pent ak 


infection we choose to. Meslgnate ens a8 pair a 
ne urdatoceles, se ets pee 
By commoo consent, the acquired type repre- aw 








tasis, In thia condition ihe bronchi of a portion of 


the lung become dilated with induration and thicken- i : ae 


ing of their walls as a. result of chronic infection,’ 


"MIDDLE LOBE SYNDROME. The middle lobe, , | The dilatation may be tubular (cylindrical), saccular _ 
e | or cystic in type, ‘Sepending upon the extent ani char 
lends itself very readily: to the development of auch | a | ectar of the Involwksient 


4 underlying pathogenesis is the same. 





e88 of the type, the 


Much investigation both clinical and experimen: . 7 ‘ 


A ‘tal would indicate the following facts Foor the: 


of the bronchus, if continued over an extended period: eee ok bronchiectasis: 


of time, causes bronchiectatic dilatation of the bron- |. 
chug with infection and indurative pheumonitis of the j 


< ‘The primary site of involvement is in thes Lay 
ous 


Se Infection plays. an important not ai easen- 


os tial part im the development of bronchiectssia. Such. 

| infection may be supplied by bronchopneumonia,. 3 

ay wheoping cough, lung abscess, tuberculosis or by in- 

> feetion from: bronchial occlusion by Bremehagentt.: 

; ee tumor, foreign bady, etc. 

tive pneumonitis from infection surrounding the Ghaod 
4 destroyed and the entire bronchial wall is invaded: 

with varying. degrees of inflammatory involvement. 


3, The bronchial epithelium ‘is strioped up and 


“4. Destruction of the bronchial musculahire: — 


\ results in abolition @ normal rhythmic movemeats of 
cop the: bronchial wall and loss of ‘muscular tane whereby. 
| the bronchus is maintained s6 2 narrow tubular) 
ptructure changing in calibre with each phase. of nor- 
WES mal ‘respiration. Seah | 
ment of the bronchial structure. The bronchi develop | 


§. Elastic siviee at. the bronchiole is. intimately 
connected with its musculature and is probably alba. 
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destroyed or badly damaged as a functioning struc- 
ture because of infiltration of the bronchiolar wall. 

6. Bronchiolar dilatation occurs because the 
bronchiolar wall loses its support and becomes a 
structure incapable of resisting increase in intra- 
bronchiolar pressure during inspiration and incapa- 
ble of elastic recoil during expiration. 

7. Atelectasis of the portion of the lung paren- 
chyma supplied by the involved bronchiole occurs 
early in the process as a result of complete continu- 
ous occlusion from infected secretions. The entire 
parenchymal area becomes “drowned” in infectious 
secretion. 

8. Fibrosis finally results not only within the 
infected parenchymal tissue but in the areas of peri- 
bronchial involvement as well. Contraction of the 
fibrous tissue serves to constrict the tissues and 
shorten the bronchiole. 

9. Compensatory emphysema fills in any space 
defect caused by fibrous contraction. 

10. Re-epithelization of the granulating surface 
of the bronchial lining with squamous cells com- 
pletes the picture. 


A complete discussion of the subject will be 
found in the monograph, “Bronchiectasis” by Lisa 
and Rosenblatt. 

The multiple saclike dilatations of the bronchi 
form large reservoirs for the accumulation of mu- 
cous secretion and products of infection. This gives 
rise to the characteristic clinical symptoms: expec- 
toration, frequently of large amounts of mucopurulent 
sputum especially in the morning; afternoon fever 
and the other indications of infection, and occasional 
hemorrhage. 

Reid and Simon have investigated the appear- 
ance of the terminal bronchioles by injection of finer 
bronchial branches and their terminal alveolar 
spaces with opaque material. They find that those 
within a centimeter of smallest division were almost 
perpendicular to the shaft while those within a few 
millimeters of the termination were parallel to the 
pleural surface. The alveoli do not usually fill com- 
pletely. 

Examination by military personnel has dis- 
closed that bronchiectasis may very frequently be 
present with a minimum of classical signs (Evans 
and Galinsky). Recurrent basal bronchopneumonia, 
persistent peribronchial infiltration or a contracted 
segment of the lung should lead to investigation by 
bronchographic methods (intratracheal injection of 
iodized oil) in an effort to detect bronchial dilatation. 

Roentgenologically, the chronic bronchial in- 
flammation causes increase in size and number of 
the peribronchial lung markings in the involved area; 
if the inflammation is very great the surrounding 
tissue may become consolidated due to chronic indura 
tive pneumonitis. Such areas of pneumonitis occur 
very commonly in the cardiophrenic regions giving 
the appearance of triangular areas of consolidation, 
(Richards). The lower lobes in the regions of the 
cardiophrenic sinuses are most frequently involved; 
these areas may be so completely overshadowed by 
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the breasts and domes of the diaphragm that the pa- 
thology may go undetected in the ordinary roentgeno- 
gram. They are very frequently retrocardiac in the 
left lower lobe and are completely overshadowed by 
the heart (Block), and without lipiodol injection may 
be completely missed. Any portion of the lung may be 
involved. Pontius and Jacobs have reported a case in 
which there was apparent reversal of the bronchi- 
etatic process with restoration to normal. For surgi- 
cal procedures for the extirpation of the disease see 
p. 231. 


BRONCHOGRAPHY IN BRONCHIECTASIS*. 
Intratracheal injection of lipiodol finds its field of 
greatest usefulness in detection of this condition. In 
bronchiectasis, since there is only chronically in- 
fected mucous membrane remaining, no absorption 
can take place and the individual has no other means 
of ridding himself of infection other than by cough. 
Within a few hours, most of the opaque material is 
coughed up leaving the bronchiectatic bronchioles 
with only a scant amount of opaque oil; there is no 
evidence of alveolar filling distal to the dilated 
branches. DeRienzo has pointed out that expulsion 
of lipiodol from bronchiectatic (dilated) bronchi by 
coughing requires contraction of musculature; there- 
fore, this is a good criterion upon which to base the 
estimation of the contractile muscle tissue still 
present; this may be used as an index of the severity 
of the disease. 

Use of serial or delayed examinations may be 
found especially valuable when bronchiectasis occurs 
distal to a chronic bronchial constriction as in partial 
segmental obstruction from pressure of a calcified 
lymphnode, (Abrams, et al.). 

As larger and larger broncho-pulmonary seg- 
ments of lung are rendered functionally inert as a 
result of bronchiectatic involvement, the remaining 
aerated lung undergoes compensatory expansion to 
fill up the lost space; this causes rearrangement of 
the bronchial structures which supply the lung struc- 
ture. Boyer has made a study of the arrangement of 
the various bronchial structures which occurs during 
this compensating process. 

Areas of density in the roentgenogram which 
conform to segments are noted which can be checked 
up by lipiodol injection. “Bronchography may demon- 
strate granulomatous masses, blocked bronchi and 
bronchiectasis in a patient with marked destruction of 
pulmonary tissue. . . . Circumscribed nodules may be 


present in the periphery of a lobe indistinguishable 


from a small pulmonary neoplasm. 

Water-soluble opaque media has the advantage 
of rapid absorption so that the lung field becomes 
clear again in a very short time. IODURON-B, re- 
ported by Fischer and Muelly, is absorbed from the 
lung and excreted in the urine within 45 minutes; in- 
cidentally making very satisfactory pyelograms. It 
is 3.5 dilodpyridon-4-N acetic acid dissolved in the 
sodium salt of cellulose glycol acid ether. It is 
somewhat more irritating than Lipiodol requiring 
more meticulous anaesthesia. 
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Nelson et al. have found that careful comparison 
of barium sulfate as a contrast agent in bronchogra- 
phy would indicate that when “ micropaque” (a pro- 
prietary) is used as a suspension medium in saline 
containing 1.5 per cent carboxymethylcellulose, the 
material gives equally good contrast and viscosity 
as the other agents, dionosil oily. The barium mix- 
ture did leave a small residue in alveolar structures 
in cases of severe emphysema, but this was the only 
precautionary measure which it was thought wise to 
avoid. The effect of barium sulphate on the lungs 
was also studied experimentally by Willson, et al. 
and found to be minimal. Any barium sulphate 
residual in the alveoli was small and produced only 
a minimal foreign body reaction. 

Dionosil, a 50% suspension of N-propyl, 3:5 di- 
iodo-4-pyridone-N-acetic acid; with added sodium 
caboxymethy] cellulose for a suspension agent; be- 
sides absorption in three or four days it has an addi- 
tional advantage, Don has found it a safe material for 
bronchography in active but stable tuberculosis pa- 
tients. Dionosil has also been investigated by Nice 
and Azad. Holden and Cowdell have made follow up 
use of Dionisil for bronchography and found that it 
showed no ill effect. In only a few instances was any 
resultant granulomatous material left from oil. 
Niknejad, et al. have recently undertaken a compre- 
hensive analysis of bronchographic media, including 
“XUMBRADIL,” a new agent. 

A very servicable method is outlined for 
bronchography in children after anaesthesia of the 
trachea and bronchi by Petranyi. 

Prophyliodine seems to produce less mucosal 
irritation; Lipiodol is oily and is apt to produce 
greater residue and inflammation. 


ANOMALIES 

BRONCHO-ESOPHAGEAL FISTULA. Broncho- 
esophageal fistula may be congenital; in congenital 
atresia of the esophagus (see esophageal strictures), 
there is usually a nonpatent portion of the esophagus 
which is represented only by a fibrous cord. Fre- 
quently the distal portion of the esophagus communi- 
cates through a fistulous opening with the trachea or 
a large bronchus. The atresia of the esophagus can 
be readily demonstrated by administration of lipio- 
dol, but the fistulous tract, being connected only with 
the lower esophageal pouch, does not show. The 
presence of gas in the stomach and intestines is evi- 
dence of existence of such a fistula even though it 
cannot be seen, since otherwise air could not get into 
the gastrointestinal tract in a newborn infant. 

Acquired broncho-esophageal fistula is usually 
the result of carcinoma of the esophagus which has 
eroded through into a bronchus. Very rarely it may 
be due to bronchial tuberculosis. The fistulous tract 
is usually quite clearly demonstrable on administra- 
tion of opaque material (iodized oil). Such a condi- 
tion is, in itself, incompatible with life for any great 
length of time. 
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DEVELOPMENTAL ANOMALIES have been re- 
ported such as partial obstruction of a bronchus by a 
fenestrated membrane,--local constriction of the 
lumen with or without congenital bronchiectasis and 
cyst formation. 


CONGENITAL BRONCHIECTASIS. This is an 
anomalous condition in the development of the bron- 
chial buds of the lung. For some unknown reason, 
during the process of the development of the lung the 
budding process of the bronchi becomes arrested 
leaving rudimentary bronchial pouches in the central 
zone and the development of the peripheral lung struc: 
tures is stopped. These are held open by cartilagi- 
nous rings and fill readily with lipiodol on tracheal 
injection. If a major portion of the lung fails to de- 
velop in this way it is called agenesis of the lung, 
(q.v.). If the parenchymal portion of the lung shows 
abnormal development it may result in dilatation of 
alveolar structures when it is called cystic disease 
of the lung, (q.v.). 


BRONCHOLITHIASS. Broncholithiasis is a 
condition in which numerous calcified deposits 
throughout the lungs, by reason of their position in 
close proximity to bronchi, erode through the bron- 
chial walls and are expectorated. During the process 
of erosion hemorrhage may occur. Such concretions 
if large may remain impacted in the bronchus result- 
ing in segmental atelectasis. The original cause of 
the calcifications is usually old healed tuberculous or 
fungus infection. If they cause only partial occlusion 
they may cause bronchiectatic dilation. 

Expectoration of many irregular calcareous 
structures with identification in the roentgenogram 
of the former position in the chest were submitted to 
bacterial investigation of their central amorphous 
masses which proved positive for histoplasma organ- 
isms. (Baum et al.) 

Prieri and Casalonga have presented a patient 
in whom there were multiple diffuse cartilaginous 
tumors benign but clinically serious because of the 
effect upon the underlying parenchyma and difficulty 
in discharge of secretions. There is cough, dyspnoea 
and occasionally serosanginous discharge and some 
stenosis of bronchi. Malignant degeneration is rare. 

Treatment is directed to control of infection by 
antibiotics. 

X-ray examination after instillation of Lipiodol 
shows the presence of bumpy tumor-like enlarge- 
ments along the mucosa. Tomography may be of 
some usefulness in demonstrating lesions. 

Tomography is an important diagnostic modality 
in that it delineates shadows within a thin segment of 
tissue. In the anteroposterior tomograms taken over 
average patients, the greater part of the broncho- 
vascular pattern can be seen at levels from 8 to 12 
cm., counting from the back. The middle lobe and 
lingular segment are seen at more anterior levels. 
The bronchi should be visible as far as their segmen- 
tal branches, but one can see only arteries and veins 
beyond this point. No attempt has been made to 
classify the divisions of the vessels beyond the sub- 
segmental branches. 
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phe a aeciaiesy arteries arck dowiward from 
the alua producing 4 a weeping. swillow. pattern. ‘The 
i DN ATy: veins enter fhe mediastinum ‘selow the ~ 





arteries and theiz course to sore extent describes x : 
reverse arch to the arteries giving the appearance oe | 
2 maniac trab. The veics prodace ; avery character- es 


istic: design, ‘being straighter: than. She arteries with 
branches at leas. acute angles. ‘In the segmental - 


plane. the vein is either iateral or inferior to ita. corm 


Responding artery, ‘Since the vein and artery cross — 
at right angles, the ‘differentiation: ¢an be made by — 
selon the: AGMEBE of the, venasd back toward. fhe! 


PATHOLOGY OF THE LUNGS. 


‘circu LATORY DISTURB AN CE S. 


3 PASSIVE I PULMONARY. CONGESTION (Fie 


pecially: responsible for the ung markings seen in. 
the: foentgenogram, any pathologi U process which 
 fatises engorgement of the: veaneis: will therefore — 





has a distinctive appearance, it is. most evident Ah 
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is enlarged and encroathes’ upon. the middle gone of 


here they stop rather abruptly. with pelativery Nede 
extenaion into the peripheral zone. Thia gives 2 bi-— 
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et = can the Aeposita be shown roentgenographi- : 


ah Pulmonary siderosis in children: # rare tone 


: dition characterized by anetsia and occasional hemop~ — 
YSIS 


The roentgen mianifeatations are miliary noe 


ows in the tune due. to. focal accumulations of iron 
= pigment.” 7 


2k pitial ‘eenobin: ‘aiter repeated itarkes a 


‘ pulmonary: cotigestion where it also manifests. itself 
_| py miliary deposits, whith look like the picture pro- 
|} duced by passive pulmonary congestion but the radiat-- 
ab ing lines: take on a finely beaded appearance even alter 
tall eymptoma of cungestion have disappeared: ‘The ia- 
: = re Se -yalvement may be unilateral. Special stainin oF 
48d ‘have shown thia to be due ta iron pigment, (Pen- 
we =e -dergras, et al.). Cliff hae called attention to an idio- ~ 
ae ferm of the disease in which. the. peare st iAyEry 
eee similar ‘put the cause unexplained, 


“ppeth-- 





~ Fine ‘parallel linear striations have: been. re- = 3 : 


: eS “ported in the cardiophrenis regions of patients: with © 
156). Since the density of the blood vessels is es- — & | ee es rieceaprbecor cohantary congestion, : 
| Microscopic evidence tndicates that these are hemo~ eS 
1 giderin deposits: des, the. Interlobular: Repta.. They: may ee 
-P teaemble areas of discoid atelectasia and like this ~~ 
produce an apparent increage in the: ohne ‘gid tuimber = 
Of the jung markings. In passive pultnonary conges~ 
tion from cardiac failure, this increase in sar einge z 


fn tet 


| Moudition may be transient. The coexistence of both : 
| indications of passive pulmonary congestion and — | 
2 eran ese is may oceur, (Fleischer and Reinet 


> Somewhat similar fine lindar markings have. 


| . x bees reported by Kerley which may he due to en-. - a 
a 1 ae lymphatics or other edematous channels. 


saa io’ has seas aa a feault ot fies 


he iy show partial calcification. 


" PULMONARY HYPERTENSION. Certain cardl- | 


aan a ae e ancinalies give rise to pulmonary hypertension; 





h recognition of these signa of pulmonary hye: es 


. : “pertension it may be possible to obtain some indica- 
| thon of their cauae. Carmichael, et al., ‘using these ‘ 
| signs were able not only to detect the presence af 


pulmonary hypertension but also to correlate the ie 
Pines. of the changes. witht the. e Aegrae at hyper- nes 


The crbarte employed were: - enlargement ‘of S 


Bee = heart. enlargement of the. right. ventricle, ‘promi 

- |) were of the main pulmonary artery, prominence of 

SAE fe So the. perihilar vessels, disproportion between the cor 
| cof the enlarged central pulmonary arteries and nar- 

the inner zones: eat the lung. Held, “The . itu shadow | Tc powied: peripheral leas sera tortuosity of 

|: psripheral art 2 

the lung field; showing broad heavy markings radial. u ie tal lines at the periphery ot the Iunge, near ths eoato= : 


ing outward from the hilum into the middle zone; 5 | Bhrentic angie, (“Kerley’s lines”), 








eried, and the presence of fine. terion 


- By the use of these criteria it was ‘possible ‘nat 


: “only. to recognize. pulmonary hypertension but to. pre- en: 


lateral “sunburst* effect which is quite characteris-\ Se 


tic in ite appearance, There is assaciated enlarge~ 


mient of the cardiac shadow, from cardiac decompen- : 


sation. A similar appearance may be produced’ by © 
passive congestion from pressure of 2 Fission 
RaRea without cardiac: enlargement, - eae iee: 


| diet dia degree with snme accuracy. 


‘Beata ct al, applying these criterfa far the: detess 


he Heo. et ‘bypertension. in. congenital heart diseaxe found 
x ~ that, “the only one of these criteria which proved. a pe 
-) piitable: was disproportionate narrowing of the - 

|) peripheral ‘pulmonary arterien as Lammers to the 


‘HAEMOSIDEROSIS. Haemosiderin may be de> | Beomimal ar arteries.” 


posited in the lungs in any disorder causing wwlmon- | S : : 


ary hempestiaty » but 80 far: a8 is Ana) in aly two 


Bi added the use of n 
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CHRONIC MASSIVE THROMBOSIS OF THE 
PULMONARY ARTERIES, {Fig. 457). ‘Weatermark. 
Hirat described this candition as 3. wedge af frans- 
lucency in the lung fieid due to contraction of the 
peripheral branches of the pul unary artery. aes 
massive thrombosis of the pulmonary: arteries is ap- 





parently not incompatible: with iife at least for periods i 


a a few monthe to a year. Aitchison and McKay have 
. aphy in the demonstration oe: 
this condition. Keating, et al. have described this - 





 gom@ition pointing out the roentgen findings whereby: 


SS a a rr aa 
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it may be recagnized and the syndrome which atcom- | : 5 


panies the condition, They consider itas 1) chronic 
=. “congestive heart failure without cong T4 | ‘3 
Jung, 2) the strain put upon sae hoe 
Nght ventricular hypertrophy and if observed over ae | Be a 
Sufficient time during tts development, the electro- | Gages 
. sardiographic findings showd show change by serial |. Hag: : 
| records from left to right axis deviation, 3) Toent~ ee 





genologically the pulmonary vessels may hecome 


| ‘@tormous in size with a tendency to te comina- Bee |e a 


_ shapea, tratling out to a point below, due ta gradeal | = 
thrombosis of Me: eee The eJuege sine peer 





Eig 1SBA, Edema Lungs 


“The feechanion by. whieh edema of the ioe. 
octurs ig: tlosely associated. with the minute anatom- ee 


“deal construction of the lung. The alveolus is Hine | 
by a single layer of Hat epithelial celle forming a 
delicate membrane which offers little resistance to 


permention of fluid. The alveoli are covered by a. 


capillary: ahetath in clase contact with the epithelial — Fe 
(| Linkage: ‘This: ‘capillary network is. subject to the inti Ss ie : 
- ange of change tine 

ueial forsy of Yaso-motor control, 

e | aleo run in the tnterstitial space up te the alveoli but. 

| - (| do ‘not cover them they empty into the Fight thoratic: rat 3 
_ duct bul are inadequate in carrying off any large 
amounts of f{uid. ‘The negative pressure-in the pleural 





Lymphatic Yeawels - : 


e a cavity is & conagtantiy acting force. Aeedting: to raw 
| Waller out of the Jung. 
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radiolucent fields as a resutt of pulmonary ischemia — 
from cutting down of the blood supply, 4) The condi- 
tion is characterized by 2 subacute course with nela- 
tively mild symptoms leading to sudden death. It 
remains to be seen whether early recognition and - 


surgical intervention. away BOReDly: miler: this course. . a 
: | PULMONARY EDEMA« (Fig. ‘1SBA), 


“Hi_edems of the lung sipervenes, oe tiers is. 


“The. 


ea axided to the picture of congestion, small blotchy (| the inspired air with which it comes in contact; 2. Th 


oo  @n@as of exudation seen throughout | ihe periphery of 
85 Eve jung. -Bome pleural effusion wena lhy develops — z 
oO Ery SOON after the onset of Sonia of Penge | 

“ bases are most affected. 


cutting off of 3 
+ in turn favors edema. 


The balance is preapures ‘between the. bined: 


stream and ‘surrounding. tisaves. which is: concerned 
‘in production of edema: elsewhere in the body, “is not 

the only force concerned in production of edema in 
the lungs. Retardation @ Now in the bload vessels) 
resulta in passage of water {rom the eapiligries fait. | 
. the surrounding tissues and through the alveolar walls. - 
“inte the alveoli themselves. i 
up into the amaller bronchioles resulting in their ob< 
_ struction and thereby preventing my Ate: from: ee s 


As Tuid sol lecta itbacks =: 3 


That segment of the Jung. 
A&A patent factor in the production of ‘ecto nia: is 


anoxia, The alveolar membrane does not receive’ is ; 









oxygen from the circulat 


“The lymphatics. esse tgnetion it is to restore” 


| anes balance of blood proteins from the interstitial. 
| tissue, are Seely. maremants in the Lange since” 


py thirst; this serves the normal individual asa 
jeans of maintenance of a relatively constant internal 


 prondunced involvement. Strangely enc 
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Sey the right Uaracie: duct: ig: too ‘amall i carry off any 
-. exéespive amount of fluid. The process, therefore, 
-. -has_a tendency ta become worse and worse: (Drinker), 


‘The water and electrolyte talance is reguinted 


equilibrium between. intracellular and extracellular 
regions (Muether), It has been shown that water or 
0.9 % salt splution introduced into the trachea ee) 





a represents another qeana by which abeorption. ‘of 


(Courtice and Phipns).. = 
Acute edema of the Junge. can be produced by 


ayer-adminiatration ‘of fluid; eapecially during” post~ ce 
nance of fiuid merely. 





operative: care. The super-a £ 
flows over. into the interstitial tismue and jung spaces, 


causing water- logging of the lung, Roentgenographi-— 


tally: this usually appears as large blotchy areas of 


- fields; if-it persists. long: enough stnali, amounts ef 
fluid may: occur.in the costuphre The 
most dependent portions of the lung ahow the. most 






_ ties doer not have to be: Dilateral; af the. patient : lies 
On One side, the water-tovg. 
in the depen 








to normal, 





blood, associated. with acute glomern’ 


| glear (zerated) peripheral cone throughout the lung 
{Rendict, et al.) ‘The picture ig in no way. similar to. eS 


ogging has a tendency te Sree 
. dent lung. Discontinuing the administra-. |. 
tien of fluid results an Braet Restrain ot the ig 2 
: " Arolemic edema, (Fig. 15EB} ar ‘nha peia caused : 
by. retention of nitrogenous waste productsin the =~ 
a lonepiiritis and 
other conditions causing anaphylactic reaction, pro- 
- duces‘a more or less characteriatic picture. roent=” ee 


PRINCE LES. OF Srteuinsi ates INTERPRETATION : 


of the lunge presest blotchy areas ‘ot increased ~ 


-| density similar to that geen in ordinary aaa 5 = 
edema, radiating quiward toward the periphery of the = 


Tangs. but stopping short of the outer eden, feaving a ee | 





edema. of. the lung from cardiac failure: in this cage. gee 


| the blood ts. dammed back on the capillary. circulae- 
4 thon, and there is an accumulation of esenratons pee tt 
rapidly from. the lungs directly into: the blood stream | a 
| vé his” | some other mechanism must be at work dine the 
| zone of ‘parenchymal tissue over 3 centimeters ft ae 
fluid- occurs from the ling. Serum, on the other hand, 
absorbs very slowly pronebly: only. by. the: Aymphatics : 


within the aiveoH. Inthe case oe gsdbemic edema 


width remains, not only perfectly clear and well Se 
aerated, but showing normal reaplratory, thange under: 





| auscultation: the edenta, therefore myat be inthe = _ 
| perivascular regions: ‘in atotemic involvement, then, 2 
the edema must be for the moat part in the interati- 
tal, spaces abn 
| ag they. radiate outward from the hilus regions and © 


ut the bronchi and vasculiir’ oon 





the vascular stasis must be Inaatly. in these vessels 


{ and not in the capillaries, 
increased density over the lower portions of both tung be a 
"| the initial acute manifestation of many of the callapen ae 
‘| diseases (q.v.) especially those with allergic manifes- 
i tations. Perhaps it represents the profound collagen: 
di- | disturbance associated with penaitisation: reactions. ie i 


 Agotemic edema is commonly ‘ganocinted with 





Tthas boon, shown by. ‘Trueta at al ‘that a ‘bypaas.< 
dechadions probably exists in the kidney circulation — 
under auch circomstances, permitting the blaod ta _ 
‘ugh the kidney by a shunt ia the circulation 





a “betore the parenchymal portion is reached, resulting 
| fe aadria. Perhaps this is manifestation « of a eimilar: . 
“mechaniam in the lung; blood may be shur 





ed through 


& the proximal vaseular branches, with a ¥eby. limited =. 
re ‘amount reaching the capillary structires for saration? 
oak: “Bencgraphicalls., ‘The: hilar SEBO and inner ones Cs This would explain the extreme ‘dyspnea 2 3 
| of auch patients with maintenance of resplratory. ee * 


| fet tion and absence of physical signs. 


sa cyanosis i 





Up to the present time no effective method bas ae 


at been found for the alleviation of this condition once t Bee. 
fas been definitely established. If the patient sur~ 

| vives the immed{ate effect, that is, for 24-48 hours, 

he may ultimately recover and his body functions: may a 

adjust themselves to: normal, otherwine he: may. suc Verses 

7 eum in a short time. 7 7 


“Recently an articie by Ellestad and leon aug 


| gests the use of ganglionic. blocking agents far acute. pase 
‘pulmonary edema with some success. Perhaps the 


My } failure to digeriminate the: types. of. edema, on inves-— 





Migs i Fig, 158B.. Azolemic edema 


7 often quite alarming, The or gin 61 “Buch ‘embolr 
: be front eles in the femoral vessels or snag: 


" pen seem net clearer results if more Sr aie 


oN MeN uty 


: - EMBOLISM: “THROMBOSIS: IN iEARCT OF 
LUNG* (Fig. 159). It has been our impression that 


pulmonary infarction varies greatly both in severity: ee 


of clinical symptoms and in roentgen smentiestelinas s | 
depending upon the character of the embolt.- : 
The clinical picture of pul bdliéin 






a a 
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Fig. 159 





thrombi in the chambers of the heart. It occurs as a 
post-operative complication or develops following 
trauma, such as fracture. The patient experiences a 
sudden sharp, agonizing pain in the chest, with a 
sense of oppression and extreme dyspnea, often spit- 
ting up frothy blood-tinged sputum. 

Clinically, Epstein and Kligman have found; 
“the diagnostic criteria of eosinophilic pneumonitis 
(Loffler’s syndrome) are rigid. A patient with a self- 
involuting respiratory disease presents eosinophilia 
and fleeting, migratory pulmonary infiltrates in 
serial chest films. A variety of disturbances have 
been linked to its development. Most are presumed 
to belong to an allergic category, for example, drug 
reactions, atopy, or intestinal parasitism. 

Eosinophil counts up to a maximum of 80 per 
100 white blood cells were obtained in seven patients 
hospitalized for pneumonitis with findings character- 
istic of Léffler’s syndrome, namely, a patchy, migra- 
tory infiltration seen in serial roentgenograms. 

Each patient had received from two to six graded in- 
jections of 3-pentadecylcatechol in sesame oil for 
prophylaxis against poison ivy dermatitis. The 
symptoms of cough, dyspnea, malaise, and fever set 
in 8 to 48 hours after the last injection. Sharp chest 
pains, the production of sputum, occasional rales, 
and sometimes an inflamed pharynx were among the 
findings. The only consistent features were the 
eosinophilia and the pneumonitis. The latter cleared 
completely in 4 to 15 days. 

The phenomena in the lungs may be explained 
by assuming the existence of a mechanism there for 
trapping eosinophils. The varying degrees of eosino- 
philia seen in allergic and parasitic diseases would 
account for mild, abortive forms of pneumonitis as 
well as for pulmonary infiltrations massive and 
dense enough to be revealed by roentgen ray. 

In 72 cases of pulmonary embolism, Stern, et 
al. have analyzed the roentgen findings and clinical 
signs. 

Some degree of pleural effusion was present in 
almost one-half of the patients. 

In many instances there was no manifestation 
of lesion in the chest immediately after the initial 
pain, but this developed in 24 to 72 hours. Its char- 
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acter at the periphery of the lining with appearance 

of a trunkated cone, rounded margin or linear shape 
was held as very significant. Even at this stage, 
Westermark has shown, that if the apparent consolida- 
tion is due in reality to congestion from destruction, 
and adequate circulation is still intact, it may be pos- 
sible by increasing the intrathoracic pressure (by 
exercising valsalva manuever to express the excess 
blood out of the lung)and cause it to blanch on fluoro- 
scopic examination. 

Metallic mercury, self administered inter- 
venously by a 26 year old man produced acute pul- 
monary embolization with transient evidence of renal 
and hepatic impairment, reported by Conrad et al. 

Experimental studies in dogs after intervenous 
injection of 2 cc. metallic mercury, 3 weeks later 
showed metallic droplets in pleural cavity and lung. 
Some, but not all dogs died. Patient recovered. 

Roentgenographically, often nothing distinctive 
can be seen in the chest film for 24 to 72 hours. At 
this time an area of increased density appears in the 
chest; if the area is small and sufficient blood supply 
reaches it from the bronchial artery, pulmonary in- 
farction will not develop, (Shapiro and Rigler). 

Moersch, H. J., Missouri Medicine, 56:36, Jan. 
1959, has found that, ‘Pulmonary infarcts may occur 
anywhere in the lung but are found frequently in the 
lower lobes; they tend to extend out toward the surface 
of the lung and to localize in the costophrenic angle 
and along the rim of the middle lobe. When infarction 
of the lung occurs, the lung distal to the embolus tends 
to collapse and rapidly becomes congested because 
blood cells from the surrounding lung rush in. On 
microscopic examination at this stage, the alveolar 
vessels will be found congested with blood, and 
erythrocytes will be found pouring out into the alveolar 
space by diapedesis. At this early stage the process 
is not uniform throughout the entire infarct, but is 
patchy in distribution. For this reason a roentgeno- 
gram of the chest taken at this stage will show nothing 
more than an indefinite, hazy type of shadow.” 

Two or three days later, if the portion of lung 
involvement is large, a shadow, truncated or oval base 
at the periphery of the lung may develop, (Kirklin and 
Faust). If infection and necrosis supervene, lung 
abscess results. If the patient survives and the area 
of infarction is small resolution and absorption may 
ultimately take place; if large, it may undergo organ- 
ization ultimately resulting in a fibrous nodule. 

Infarcts of the pulmonary artery from this 
source tend to occur in the periphery of the lungs 
where the planes of the pleura come together. When 
well established they form small dense areas of con- 
solidation, with their sides perpendicular to the 
pleural surface back into the lung. The costophrenic 
sinus is a frequent place of occurrence, (Fig. 159 
right side). 

Or the areas of infarction may take on unusual 
appearances, giving rise to large irregular, blotchy 
areas of consolidation in the lung which may be very 
confusing. This is especially true when they occur as 
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a result of endocarditis (Levy). Here also, if infec- 

tion supervenes, exudation and abscess formation 

may develop after a few days. Organization begins 

almost at once; organized infarcts show a dense 

rounded well defined border occurring frequently at 

the intersection of pleural planes, as for example in 

the costophrenic sinus. At autopsy after organization 

they are found to be due to hard dense fibrous masses. 
Pulmonary infarcts which develop as a result 

of vascular thrombosis from a failing pulmonary 
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Primary Sclerosis of the Pulmonary Artery, (Pul- 
mon Arteriolar Sclerosis; Atheroma of the Pul- 
monary Artery; Ayerza’s Disease). 

This is a rare condition characterized by hyper- 
plastic sclerosis of the pulmonary artery, causing 
progressive diminution of blood flow through the 
lungs. There is some indication that syphilis may be 


the underlying cause in these cases. 
Clinically the patient shows intense cyanosis, 


circulation are apt to be more insidious in their clini- | dyspnea, clubbing of the fing 


cal manifestations and yet more definite in their 
roentgen findings. Such patients often do not have the 
acute severe symptoms experienced by emboli which 
originate from some remote location. Usually how- 
ever, their roentgen manifestation is immediate 
showing much larger areas of infarction. Such em- 
boli seem to recur frequently. 

Hanbury et al. have reported the occurrence of 
such silent infarcts in association with carcinoma of 
the lung. 

Pulmonary oil embolism following histero- 
salpingography or in other injection, where oil inad- 
vertently gets into the venous circulation, results in 
myriads of small fine droplets of the oil appearing 
within the pulmonary circulation. These rarely 
cause any more than transitory febril reaction. 

Pulmonary oil injection into venous system re- 
sulted in a picture of miliary deposits in the lung 
during hystosalpingography, q.v. 

Linear planes of fibrosis may result from 
small organized infarcts which look very much like 
disc atelectasis. 

Thrombosis of the terminal branches of the 
bronchial artery as well as the terminal division of 
the pulmonary artery may occur from infection with 
certain strains of bacteria which seem to have an af- 
finity for the vascular system, giving rise to infarcts 
of unusual type (Fig. 159, left side). These may ap- 
pear as rounded nodules from one-half to two or three 
centimeters in diameter, which may retain their solid 
structure or may rapidly, within a few hours, undergo 
central liquefaction giving rise to spherical cavities 
with smooth uniformly thick walls (Fig. 159 right), 
(Sante and Hufford). These annular shadows may 
arise from other causes also; tuberculosis, malignant 
occlusion of vessels, polycythemia, etc., any process 
which occludes the terminal branches of the bronchial 
artery. A case has been reported in which similar 
nodules were produced by Friedlander Bacillus infec- 
tion associated with septicemia, (Bulgrin). 


Pulmonary Ischemia (Fig. 157). Ischemia of 


the lung occurs from chronic thrombosis of the pul- 
monary artery (q.v.) or any other condition which cuts 
down or obliterates the flow of blood through the pul- 
monary vessels (Keating, et al.; Woesner, et al.). 
Necrosis of lung tissue does not take place since the 
bronchial artery still furnishes nutrition to the lung 
structure. 


ers and cough without 
valvular lesions or cardiac enlargement. The pulse 
is regular. There is dilatation of the pulmonary 
curve and of the right chambers of the heart with ul- 
timate cardiac enlargement, and associated signs of 
a failing circulation such as edema of the extremi- 
ties, etc. Polycythemia occurs secondary to the re- 
duction of blood volume pushed through the lungs; 
the hemoglobin may be as high as 126% and the red 
count 7.5 million. 

Pathologically the pulmonary vessels show hy- 
perplastic sclerosis of the media layer with nar- 
rowing of the lumen to a small fraction of its normal 
size. Atheromatous degeneration often occurs. 
There may be thrombosis of the branches of the pul- 
monary artery. Toward the periphery the pulmonary 
arterioles show typical histological changes of throm- 
boangitis obliterans. Sclerosis of the smaller vessels 
appears as small round and sharply defined opacities 
uniform in size toward the periphery, giving an ap- 
pearance which closely resembles pneumoconiosis 
but distinguishable from it by absence of emphysema 
(Kerley). 

Roentgenologically there is a generalized in- 
crease in lung markings throughout both lungs, es- 
pecially pronounced in the hilum regions. Numerous 
small rounded nodules, larger than miliary tuber- 
cules and not so numerous or symmetrically placed 
as in miliary tuberculosis, are present throughout 
the lungs. The appearance is very similar to that 
sometimes produced by silicosis or sarcoidosis. 
There is usually no indication of emphysema. 

The cardiac shadow is not enlarged (until the 
terminal stage) but there is definite accentuation of 
the pulmonary and right auricular curves. These 
findings correlated with the clinical symptoms usual- 
ly serve to make the diagnosis. 


EOSINOPHILIC INFILTRATION (LOEFFLER’S 
SYNDROME). A peculiar type of transient recurrent 
eosinophilic infiltration in the lung structure has been 
described, (Loeffler). The lack of fever and the eo- 
sinophilia of 30 to 40% suggest an allergic basis for 
the reaction. 

Lichtenstein feels that “ Histiocytosis X”; may 
be used to indicate an integration of eosinophilic 
granuloma of Bone; ‘ Letter-Siwe Disease’ and 
‘Schuller-Christian Disease’ as Related Manifesta- 
tions of Single Nosologic Entity.” 

The question arises as to whether eosinophilic 
granuloma (pulmonary histiocytosis) exists as a dis- 
ease entity or whether reported cases of eosinophilic 
granuloma of the lung may simply represent 
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“monosymptomatic expression of a symptomatic 
process.” After consideration of such a case and 
review of the literature, Pagan-Carlo and Haley ina 
recent discussion of the subject, refer to Lichten- 
stein’s description of the manifestation of histocy- 
tosis X as being a probable form of eosinophic in- 
volvement of the lung indicating that it may be a 
“monosymptoniatic expression of a chronic dissemi- 
nated process”, the etiology of which may be a 
hypersensitive state to an antigen which, in the case 
of pulmonary involvement may be an inhalant. 

With respect to therapy they advise that “some 
cases clear up spontaneously, others have been 
greatly benefited by roentgen therapy or by steroids. 
The success of therapy obviously depends on early 
diagnosis and the stage of activity of the process to- 
gether with the presence or absence of long term in- 
volvement of vital organs. When the disease is in 
the active proliferating stage the use of steroids is 
indicated; in later stages of the disease with exten- 
sive pulmonary fibrosis such treatment is useless. 

A microscopically similar type of intestinal 
edema has been observed called “Hamman-Rich 
disease” which is so similar in appearance and areas 
of clinical involvement that it has seemed to some to 
be rather an exaggeration of the same type of reac- 
tion as that seen in other types of collagen reaction. 

Roentgenographically the lesions vary widely 
in their extent and character, from fine infiltrations 
to large coalescing areas of blotchy consolidation 
often resembling edema. Rapid absorption of exudate 
readily rules out tuberculosis. 

Autopsy findings (Bayler, et al. and Bergstrand) 
show pneumonic exudate predominating in eosino- 
philes, focal granulomatous lesions, and necrosis. 
Perivascular lesions were noted similar to those 
seen in periarteritis nodosa. This would indicate an 
allergic basis of the condition, (Henderson and 
Peirce) (Heiken and Weise). One distinctive roent- 
gen finding is the tendency for development of wide 
elongated streaks of infiltration in the lung field often 
obliquely or vertically placed (Hennell and Sussman). 

A tropical form of disseminated bronchopneu- 
monia associated with eosinophilia has been de- 
scribed (Hodes and Wood). 

Khoo and Danaraj have also described a type of 
soft infiltration in the lungs found in the tropics due 
to eosinophilic infiltration which they designate as 
“tropical eosinophilia”. The roentgen picture is in 
no way characteristic. Treatment with arsenicals 
diethylcarbamazine results in regression. 

Epstein and Kligman have recently pointed out 
the occurrence in 7 cases the development of this 
condition following innoculation for prevention of 


poison ivy. 


POLYCYTHEMIA. Polycythemia is of two va- 
rieties; true polycythemia (vera), which is of un- 
known etiology, and secondary polycythemia which 
occurs as a physiological compensation to a variety 
of other conditions which interfere with the proper 
aeration of the blood. Polycythemia vera produces 
an extreme increase in the lung markings of the low- 
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er lobes similar to that seen in pulmonary congestion 
but without cardiac enlargement. Soft rounded nodules 
one centimeter or more in diameter may appear and 
disappear within three weeks, or they may remain 
permanently. 

Polycythemia may occur secondary to sclerosis 
of the pulmonary arterioles (Ayerza’s Disease), be- 
cause of insufficient blood flow through the Iungs. It 
may occur also as a result of a shunt between the 
arterial and venous circulations from arterio-venous 
aneurysm or angioma of the lung. re ee 


BACTERIAL AND VIRAL 
INFECTIONS OF THE LUNG 


PNEUMONIA 


We used to think of pneumonia as being of two 
or three distinct types: lobar, broncho or lobular, 
and possibly septic. All other forms were considered 
as atypical manifestations of these three types of in- 
volvement. Now, we are convinced that this large 
group of so-called, “atypical pneumonias” is com- 
prised of many kinds of infections; virus and rickett- 
sial pneumonias of many kinds. 

These atypical forms may produce very simi- 
lar symptoms to ordinary bacterial pneumonic in- 
volvement with widely varying physical signs. It 
therefore devolves upon the roentgenologist to at 
least point out the possibility of an atypical form of 
pneumonia even though the exact type of infection 
cannot always be determined from the roentgeno- 
graphic examination. As a guide for the evaluation of 
these various forms of pneumonic involvement the 


following roentgenological analysis may be found 
helpful: 


1. Lobar pneumonia*--massive homogeneous 
areas of involvement starting at the periphery in the 
alveolar structure and rapidly spreading to lobar 
distribution representing the respcnse to infection 
with a definite bacterium, the pneumococcus. 

2. Bronchopneumonia--clusters of peribron- 
chial infiltrations representing extension of bacterial 
infection through the bronchial mucosa into the adja- 
cent lung structure as a response to many types of 
bacterial organism. 

3. Septic lobular pneumonia--blotchy areas of 
pneumonitis irregularly scattered throughout the lung 
fields as a result of blood-borne infection from some 
distant septic infection, often the streptococcus. 

4. Lymphoid type of pneumonic involvement 
where the first manifestation seems to be an adeno- 
pathy of the hilum nodes, followed by infiltrative 
processes throughout the periphery of the lung possi- 
bly arising in the parenchymal lymphoid deposits, 
such as tularemia, measles and possibly whooping 
cough. 

5. Interstitial (virus) pneumonias; atypical 
pneumonias of unknown etiology, characterized at the 
onset by accentuation of the hilum shadows and lung 
markings of the lower lobes probably due to an acute 
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active pulmonary congestion, rapidly. fotlawed by 
haziness of a definite area of the lung from ioterathe 5 o = 


: Hal: edema and clusters of infiltrations is the periphery. 


. By eareful analysis of the roentgen findings it” 





Jog involvement Anto these general classe. 


‘LOBAR P NEUMONIA* ce iz. 160). in lobar conn i unnting, from the hilum to the periphery 
monia the siveciar spates are completely filled with |. 


se robibringus. éxudate, containing many pol ynuclearcells | 


completely replacing the air in the portion of the lung 
fnvalived but not affecting the interstitial tissue. This 
extensive pouring out of serofibrincus exudate into 
the alveoli results ina homogeneous. consolidation. i. 
The diastase usually affecta an entire lobe sp that cer-: 


_ tain-definite characteristics ate produced in the roent- | 
_ genogram. With extension to the pleura, the diaph’ rage | 


becomes. immobilised in a high positions, due to Seeo}te 
‘<3 ing: pleural pain, 

ac fy completely eniersted the: ebaracte istic. 
appearance produced by consolidation of the various: 


lobes 1015 neceasary to know the: position occupied by. : oh 
the interlobar septs, as they appear in the roenigeno-_ | 
gram, The main pleural fissure runs from the region | 
of the: (itth, or sixth dorsal vertebra posteriorly, down- 
re oF the- dia- sees 





ward and forward to the anterior aha 
phragm. me the right. side. &. ‘second plearal fesure 


Ladey 


tN ducing an upper. and mniddle lobe (see Topography of 
| the 1 


Tt: the x-ray. tobe is centered about the. fikth or. 
sixth dorsal vertebra’ ‘posteriorly, at a target-film — 


i upper Jobe. iwi this side correspondis SSS 
; af bined upper and middle lobes on the right side, AS: a ae 

- reewit the shadows produced by left upper: Lobe p a ge 
mi | inte should correspond to the combined shadows of 





op ‘distance of about four ta ix feet, the divergent beam - 
of %~vaye falls almost exactly along the plane of te a 
- tnterlobur pleura between the upper: and middie ian 5 
es ) + on the right eile (Fig. 1604), In upper lobe conanli- * 4% 
Bae may be possible to at least group the types aE Pneumon- : 


dation thia producea a uniformly dense shadow in the. if 


ee roentgenograin ‘OCeupying. the upper portion. of the 


lung, haying an abrupt, straight fine lower border 
Middle lobe consolidation (Fig. 1608), by ee 


3 at the fact that its upper border ia on the game plane 
as the adjacent lower border of the upper tobe, assumes a 
a straight line upper border running outward from” 

the hilum to the periphery. The shadow is.much- = 
; -| smaller in extent than upper lobe involvement since = 
1 the size of the lobe is smaller. The congolidated  ~ 
Jobe presents a wedge-shaped structure to the rays, 
thickest portions above and thinnest. portion below; 
{this results in the shadow being densest above, and 
| feathering gut into normal lung density below. 


“Lower lobe consolidation (Fig. 160C) is much — 
more extendive ard presents a much larger ees 
Svaclanoliee the middle lobe, ‘The x-rays must,» 
traverse the greatest thickness in the aidpértton, 
therefore the shadow is danaest in this region; beth | 
upper and lower portions are wedge-shaped in eats) 0 


| line 80 that both upper and lower borders: feather out - 
| i * inte. normal lung density. s 


“On the: feft side there are tut two. lobes, the 
og to the: COR = 











| Fig, 1h0 





Fig 


1608. 


: maneuver (Westermark), Exudation which followe 
must be rapid and must be. directly: through the ee = 
—. -\ glar walls since the bronchial structures remain free: a 
and there is no Poentgenological manifestations Le 
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Figs 1600 


! upper ud middie lobe consdlidutivn on the right ‘abut 
In other words, left upper lobe consolidation extends _ 

down farther thas right upper lobe involvement and~ 
‘presents a hazy lower border, similar to that seen at 

the lower border of middle lobe: consolidation. | The. 

projecting lingula of the heft: upper :l rope corsesponds 

to the: middle lobe on the: right. 

- Massive lobar pacumonia ots an Vantire Jung te 


evidenced in the roentgenogram 2s a dense shadow. ine 


volving one entire side of ihe chest without mediasti- - 
nal displacement ince there is no acteal change in . | 
volume. of the lung, merely replacement of air with 
serifibrinous exudate. 


- Lobar pueumonic: ‘consolidation has been report. . 


ed tn an anomalous azygos lobe, (Turobull).: 

“YE may be shown by radiographic examination — 
dusing the Yaisalva exercise, that the earliest. stage 
of the “consolidation™ as seen in the: reentgenngram — 





mogram-is: somp etely dispeticd by this 


a atelectasis. 
2 “The initial ‘site ol ‘Sonmolidatian ta fohar 
pneumonia must be aonsidered. a5 the periphery. at 


the lung In the alveolar Spaces; and that ti cecirs. ae ate 


fore the chill and other clinical evidence of the dis- — 
ease. The initial chill and ieucocytosis are the firat— 
Clinical manifestation of the disease: coincident with . 
this is the engorgement af bload vessels eupplying 


the lobe involved fgttowed by outpouring of eélis, | Pree : 


- dominately polymorphonaclear leukocytes ang serum. 
into the alveolar epaces without evident involvement 


of the alveolar wall of interstitial tissue, nor increase 


or decrease in volume of the lung. Where only @ part. 
of a lobe is involved it may form a triangular: ety 
bas¢ at the periphery of the lung and apex inward. 
This is frequently the case in children. In. certain — 


instances the consolidation appears raantgencin ane = 


ically to be tn the hilum region; in view-of more re« 


cent. developments it is most likely that hilum. consoli- ; 
dations of this sort are due to segmental involvement. 


“The area of involvement spreads rapidly in lobar 
phevinania, ed that the full extent of the consolidation 
is navally. present within ee: four to Lee 


ig ie to vascular engorgement since the shadow seen 





‘ hours: ‘itter the initial onset. 


Recovery is marked ee al regolution of the ein 


ee : pulmanary exudate and restoration of. the lang to’. 

normal; because of the nature of the lung stricture” sey 
_| this can be readily followed by serial poeataen, exara~ ae 
| ination taken from day.to day. ~ | | 


At the time of crisis, there isno: sapparent change: a 


ae in the area of consolidation but within a few days miler: re 
Portas resolution. becomes evident and progresses- 
‘Yapidly, the density of the consolidation becoming = =~ 
| less and less and the lung markings again reappear. a : 
| ing: as resolution progresses, complete resolution. and 
| reatoration bo. normal should ocous within two to” ee 
three weeks. (Other lobes af the lung, often remotely 
|| situated, may be successively ixeo 

event, each lobe goes onto consolidation, resolution. 
x a md restoration. te normal falldwing the usual RE 
| quence even though all constitutional symptoms: con- 3 & 
| time. ‘This leads ove to assume that lobar Bonne: i 
| is 8 Yoral disease of ‘the Jungs with conatihational |. Ke 
fe mnanitestations BREE 





ven. an this: 


ge shadow cease and there is ok pyiddawe ( ee 


oh progressive favorable resolution three weeks after: SS 
‘| e¢risia, thig Is indication of complication; if the re- 
= maining shadow is central within the lung there is pos- a 
os “sibility of a lung abscess; if the shadow remaining is — 
| pexipheral, the condition is probably ge to pleural =~ 
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In recent years, with administration of penicil- 
lin at any stage the disease is cut short in its course, 
the temperature falls rapidly, leucocytosis subsides 
and resolution rapidly follows even in a matter of 
days; development of pulmonary complication is al- 
most unheard of, the ultimate mortality is practical- 
ly nil. These, as well as the segmental character of 
lung consolidation probably bespeak attenuation in 
the virulence of the pneumococcus organism due to 
failure of its rapid passage and progression from 
one host to another, a condition previously present 
when it was such a widespread disease. Lobar 
pneumonia has become abortive not only in the ex- 
tent of its pulmonary involvement but also in its de- 
gree of virulence as well. 

Lobar distribution of pneumonic process may 
be due to many other organisms besides the pneu- 
mococcus. The staphylococcus occasionally pro- 
duces lobar involvement. The appearance may be 
indistinguishable from pneumococcus lobar pneu- 
monia and the two are only differentiated by bacterial 
culture. 


STAPHYLOCOCCUS PNEUMONIA 


Strains of staphylococci are being encountered 
more and more which are immune to penicillin which 
cause septicemia and death. Schultze has pointed out 
the continuous increase in organisms of this type and 
their production of bizarre types of pneumonia es- 
pecially in children under one year of age. 


The roentgenological features of the disease of 
may be summarized as: 

1. Localized Roentgen Infiltrations, often of 
lobar type involving several lobes. Bilateral involve- 
ment is rarely encountered. 

2. Pleural Involvement most frequently takes 
the form of emphysema, (fully 90%. Pneumothorax 
and pyopneumothorax is frequent, and often of tension 
type. 

3. Development of Pneumatocelles or emphy- 
sematous cysts or cavities probably arising from 
small areas of necrosis located in the peribronchial 
interstitial tissue; these connect with the bronchi by 
minute openings and become inflated by check-valve 
mechanism. 

These forms of pneumonia are by no means 
new; similar forms have been encountered for many 
years. Since the advent of chemotherapy and the de- 
velopment of immune types of bacteria, however, 
they seem to be much more frequently encountered. 

The roentgenologic findings reported by Meyers 
and Jacobson in staphylococcal pneumonia may aid in 
distinguishing it from other types of pneumonia 
especially in infants and small children. In adults 
the distinctive features seen in childhood are less 
commonly found and the etiologic diagnosis, there- 
fore, is usually not so readily obtainable roentgeno- 
logically. 

One of the most striking characteristics of the 
disease is the rapid change in the roentgen findings. 
The picture may change from one of minimal to very 
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extensive involvement in a matter of hours. There is 
far from complete correlation between the roentgeno- 
logic appearance and the clinical condition of the 
patient. 

The feature of least value in differentiating 
staphylococcal pneumonia from other types of the 
disease is the pneumonic infiltration. While this may 
be lobar or segmental in distribution, it has no dis- 
tinguishing characteristics. In addition, it may repre- 
sent only a small portion of the visible findings, and 
in many cases may be entirely obscured by other 
changes. Rarely, the infiltration is bilateral. 

Pleural effusion or empyema is a common--in- 
deed, almost universal--occurrence, and its presence 
in a young infant is nearly pathognomonic. Effusion or 
empyema may occur in pneumococcal or streptococcal 
pneumonia, but we have not seen it, perhaps because 
in these cases the response of the organisms to the 
commonly used antibiotics is so rapid. Effusion may 
not be demonstrable on the initial examination but is 
usually present subsequently. The rapidity and extent 
of its development may be astonishing. Not infre- 
quently, empyema is seen in the first chest roentgeno- 
gram. It may be so extensive as to obscure every- 
thing else in the involved hemithorax. 

Staphylococcal pneumonia has become an in- 
creasing problem in children, particularly in infants 
under six months of age, in whom the largest number 
of cases occur, and in whom the mortality rate is 
over 50%. The roentgenologic picture is usually 
characteristic enough to suggest an exact etiological 
diagnosis early in the course of the disease. 

“Primary staphylococcal pneumonia is defined 
as staphylococcus pneumonia arising in the absence of 
pre-existing pulmonary disease; it has become a com- 
mon and important entity.” From tables compiled to 
show the relative number of cases present in the past 
few years and those present today it would seem that 
this condition is increasing. The author reports 41 
cases of staphyloccal pneumonia occurring between 
1955 and 1957. “The increase in prevelance of the 
disease has fortunately been accompanied by a sub- 
stantial decrease in mortality. Fortunately, especial- 
ly in children less than one year of age is one of the 
few lung diseases in which early roentgen manifesta- 
tions appear to have pathognomonic significance.” 


Chemotherapy has done much to lower the mor- 
tality of the diseases and to control complications. 
Even though the temperature may fall to normal with- 
in twenty-four hours after sulpha drug or penicillin 
therapy the roentgen picture remains the same. 

Complications have almost disappeared. This 
may be due to the fact that early treatment with 
chemotherapy promptly stamps out infection and pre- 
vents spread. ‘ 

Twenty cases of lesions having the clinical and 
roentgenographic characterists of pulmonary pneu- 
matocele have been reported. Eight were in chil- 
dren, 12 were in adults, (Flaherty, et al.). 

Pulmonary pneumatoceles probably begin as 
Small abscesses, but continue to enlarge and develop 
as localized areas of obstructive emphysema. 
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cillin therapy has done much to reduce the mortality 
in this condition. 


“LYMPHOID TYPE” OF 
PNEUMONIC INVOLVEMENT 


Tularemic pneumonia is an example of this type 
of pneumonic involvement. The initial site of inocu- 
lation is in some remote location, usually through a 
wound sustained as a result of handling rabbits or 
other game which are infected with tularemia. For- 
mation of an intractable wound is followed by regional 
and later by general glandular infection. Hilar 
adenopathy is the first indication of pulmonary in- 
volvement with subsequent retrograde spread along 
the bronchial lymphatics outward toward the periph- 
ery of the lung. Confluence of infiltrative exudate at 
the periphery of the lung soon results in parenchymal 
consolidation of varying degrees. This may result in 
abscess formation. 

This type of pneumonic involvement as a result 
of tularemic infection is dependent upon this type of 
lymphatic inoculation. As previously mentioned, 
tularemic infection, if inoculated directly into the 
lung structure by inhalation, may produce a massive 
homogeneous pneumonic exudate of lobar pneumonic 
type (q.v.). This is an example of two different types 
of pneumonic response to infection with the same 
organism depending upon the method of inoculation. 

The specific agglutination reaction may be nec- 
essary to determine tularemic infection. Dennis 
and Boudreau have reported on the x-ray manifes- 
tations in 14 cases of the pleuropulmonary type em- 
phasizing early recognition and institution of proper 
therapy. 
Overholt and Tigertt agree that “naturally oc- 
curring strains of Pasteurella tularensis are sensi- 
tive to streptomycin, strains of the organism, how- 
ever, may be streptomycin resistant, yet equally 
virulence and require treatment with broad spectrum 
drug (such as tetracycline) should be used for a week 
or two to control the acute infection. 


MEASLES PNEUMONIA may well be of the 
same character. In measles enlargement of the 
hilum nodes is a well-known entity, followed by a 
lobular type of pneumonia in the periphery. It may 
well be that this is due to direct infection with the 
measles organism. 

Both sarcoid and erythema nodosum may pro- 
duce bulky hilar enlargement. Both may spread to 
the periphery of the lung and may show miliary infil- 
trations like miliary tuberculosis ultimately clear- 
ing. 


WHOOPING COUGH is associated with adenopa- 
thy but the roentgenogram would indicate more the 
picture of aspiration than any other type of pneumonic 
involvement. 
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VIRUS (INTERSTITIAL) PNEUMONIAS* -- ATYPICAL 
PNEUMONIAS (“PNEUMONIAS OF UNKNOWN 
ETIOLOGY--VARIETY X”) 


This miraculous control of bacterial infections 
and pneumonias by antibiotics has undoubtedly been a 
boon for the human race, but recent developments 
have indicated that it is not without adverse develop- 
ments. The development of a host of virus pneumonia 
infections is universally noted, responding to various 
antibiotic agents. 


Among these are virus pneumonias of many 
types, such as Epidemic “Influenzal” Pneumonia A 
and B, Psiticosis (Parrot Fever), and other types of 
virus pneumonia having special growth and cultural 
characteristics. A psiticosis-like, ornithotic (bird- 
borne) disease and lymphogranuloma venereum, two 
recently recognized viruses are apparently wide- 
spread among birds and domestic animals such as 
pigeons, chickens and mice. These spread to man 
and give rise to the syndrome called virus pneumonia 
(Reimann). 

All of these atypical pneumonic processes have 
similarities pathologically and roentgenologically. In 
contradistinction to lobar pneumonia, these atypical 
infections attack the interstitial tissues of the lung 
affecting all structures of the lung alike, producing a 
profound disturbance in this structure. The alveolar 
walls are thickened and edematous and the lining al- 
veolar cells lose their flat appearance becoming cu- 
boidal in character showing numerous mitotic figures, 
evidence of profound inflammation. The alveoli are 
filled with gelatinous exudate, almost devoid of cells 
(only a few lymphocytes, mononuclear and red cells), 
which forms a hyaline membrane about the alveolar 
margin hampering exchange of air which accounts for 
the intense cyanosis of the patients. Inclusion bodies 
may be found in cells in some of these diseases. 

A similar basic reaction in lung tissue from 
practically all of these widely varying types of inter- 
stitial infections suggests a similar fundamental type 
of involvement. Attention is called by Ackerman, et 
al. to the similarity in appearance of areas of er- 
ganizing virus pneumonia to that of carcinoma of the 
lung. The similarity in appearance may be due to 
subsequent infection of the unresolved pneumonia by 
other bacteria. 

The advent of antibiotics for treatment of in- 
fections has, by common agreement, resulted in a 
wide variation in the picture produced in pulmonary 
pathology. In short the term, * Miracle Drugs” seems 
well taken in expression of their action; indeed they 
have been so successful in the cure of so many of the 
infections that some of these are decreasing almost 
to the vanishing point. For example, lobar pneumonia, 
which up to a few years ago was such a severe, 
dreaded disease carrying a mortality rate of approxi- 
mately 33%, with a second group of 33% who were 
left with some sort of disability from complications, 
has almost vanished. A disease so frequent, that, 
during the winter months, an entire ward used to be 
set apart for its treatment at the St. Louis City Hos- 
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Hospital; at present, only an occasional case is en- 
countered, and this is usually of atypical or abortive 
type. 

Bacterial pneumonia has been virtually re- 
placed by virus types of infection. All virus infec- 
tions have a predominent place of involvement, the 
interstitial tissue of the lung. This very fact may 
assist in explaining the physical findings and clinical 
signs in the progression of virus disease of the lungs. 
Being most abundant in the hilum region about the 
larger brachial branches, the disease manifests itself 
at the onset centrally in the hilum region, spreading 
to the periphery along the peribronchial structures, 
even to the alveoli and their perialveolar walls. 

This period from first inoculation to complete involve- 
ment takes several days during which constitutional 
manifestations such as fever, cough and respiratory 
distress may be present without physical findings in 
the lung. Within a few days however patchy lobular 
involvement will be present with full development of 
physical findings. Defervescence is gradual by lysis 
extending over a period of one to six weeks or so de- 
pending upon the severity of the infection and the 
method of treatment. Leukopenia of various degrees 
is present with different types of virus. 

Microscopically the alveolar walls and their 
interstitial spaces are much thickened and the air 
content of the alveoli themselves is much reduced. 
After a while clear fluid with a few mononeuclear 
cells fills the alveoli and a hyalin membrane may 
develop about the inner margins of the alveoli, re- 
sulting in cyanosis. 

The immediate increase in the virus type of 
pneumonias after the bacterial pneumonias were con- 
quered, would seem to indicate a restraining influ- 
ence of bacterial type upon them. One heartening 
circumstance is the attenuate virulence. After a few 
successive years of rapid spread of the infection, 
however, one could expect their increase in viru- 
lence. Fortunately various helpful drugs have been 
discovered to cope with their infection, but this also 
has introduced the necessity of picking the right drug 
for the particular type of infection encountered. 
Laboratory methods of examination have determined 
which drug is antagonistic to which infection. 

Even more alarming than this is the change of 
certain bacterial in their affinity for other lung 
structures and their tolerance of antiseptic drugs 
formerly used as antiseptics. For instance, the low- 
ly staphylococcus, one of the all prevading, least 
alarming infectious agent, easily killed by penicillin 
has now developed virulent strains, which are im- 
mune to antiseptic agents and the cause of most ex- 
tensive spread of infection of virulent type. To guard 
against this acquired virulence practically all hos- 
pitals across the country have adapted a severe pro- 
gram of operating room ascesis for visitors, such as 
heavy masks, caps, well covering gowns, covers for 
Shoes, etc. If this change can take place in one type 
of bacteria, it is reasonable to suppose it can take 
place in another. All such changes have been noted 
so far, but vigilence must be keen. 

Every structure of the lung is amenable to cer- 
tain types of bacterial involvement, even the lym- 
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phatics. Tularemia of the ulceroglandular type (“ rab- 
bit fever”) affects lymphatic tissue predominately. 
From the ulcer which forms on the end of the finger 
from a slight scratch the lymphatic involvement of 
the regional nodes soon extends to the hilum regions 
of the lung and causes a tremendous hilar adenopathy 
readily seen in the roentgenogram. From here it 
spreads, retrograde, toward the periphery of the lung 
to involve the rest of the lung structure. By anti- 
biotic therapy the condition is soon brought under con- 
trol. By suitable circumstances the first inoculation 
of this organism is by inhalation, massive lobar in- 
volvement may occur or there may be merely pleural 
reaction and massive pleural effusion. 


DIFFUSE (HAMMON-RICH) FIBROSIS. aside 
from the ordinary types of massive fibrosis asso- 
ciated with healing of lung destruction from injury or 
infection, and fibrosis associated with emphysema and 
cystic disease Hamman and Rich have reported an 
idiopathic diffuse type of fibrosis which may be rap- 
idly fatal, usually lasting from 4 to 24 weeks. Gough 
has pointed out that this type consists of a “diffuse 
progressive interstitial proliferation of fibrous tis- 
sue with hyaline membranes lining the alveoli and 
with esosinophilic leucocytes in the interstitial tissue 
in most cases. Cyanosis and cor pulmonale devel- 
oped.” “Heppleston .. . showed that even in this ad- 
vanced stage the fibrosis was mainly due to increased 
reticulin rather than collagen formation. By staining 
with silver the difference could be clearly shown be- 
tween this interstitial type of fibrosis and the intra- 
alveolar type such as occurs in unresolved lobar 
pneumonia.” 

The cause of Hammon-Rich fibrosis is not 
known and no bacteria or other organisms have been 
found in the lesions. Some authors such as Rubin, 
Kahn and Pecker (1952) consider the condition to be 
of virus origin. The prognosis is hopeless and death 
is due to cardiac or respiratory failure. At autopsy 
the lesions are found to be very extensive throughout 
both lungs. There is only slight dilatation of the air 
spaces in contrast to the honeycomb appearances of 
certain other forms of diffuse interstitial fibrosis. 

Read and Holland have shown that Hammon-Rich 
syndrome is no longer thought to be rapidly fatal in 
all instances. Although the etiology is unknown it 
does in some cases progress to rapid interstitial 
fibrosis and death but in other instances there may be 
periods of intermission. 

“The therapeutic use of corticotrophin and 
adrenal steroids has been reported by several writers. 
Patterns of response fall into three main groups: 

(1) No effect or mild subjective benefit only; 

(2) benefit, subjective, objective, or both, followed by 
fatal relapse on cessation of therapy; (3) objective 
remission, maintained by long-term administration 
of steroids. 


VARICELLAR PNEUMONITIS. In recent years 
isolated cases have been reported where virulent 
chicken-pox infection has been attendant with ex- 
tremely severe pneumonitis causing death of the in- 
dividual. The roentgen picture is in no way distinc- 
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tive from any other type of viral pneumonia. At au- 
topsy the chicken-pox vesicles can be seen on the 
surface of the lung. 

Roentgenologically these may also produce ap- 
pearances similar in many respects to each other. 
The onset may be acute with: 1) accentuation of the 
hilum shadows and lung markings radiating outward 
into the lung substance like a “sunburst” (without any 
manifestation of adenopathy), followed by; 2) clusters 
of fine infiltrations near the periphery which may co- 
alesce to form blotchy areas of dense consolidation. 
These areas may be single or multiple; unilateral or 
bilateral, usually taking on a segmental appearance, 
but they are never homogeneous or lobar in distribu- 
tion. 3) Resolution and absorption usually requires 
about two to three weeks but may be delayed for six 
to eight weeks; 4) often leaving evidence of fine infil- 
tration in the periphery of the lungs (near the costo- 
phrenic sinuses) long after the febrile reaction has 
subsided. If the site of involvement is in the upper 
lobes, and resolution is prolonged, the residual infil- 
tration may very readily be mistaken for pulmonary 
tuberculosis. A number of such instances have been 
observed where organizing virus pneumonitis, per- 
sisting for months, gave an erroneous appearance 
suggestive of neoplasm. These types of infection in 
themselves are not usually fatal but they may pave 
the way for secondary invaders. A well-known ex- 
ample of the dual type of infection was seen in the 
epidemics of “Influenzal” Pneumonia, which occurred 
in 1918-19. These produced such bizarre roentgeno- 
logical findings as to make classification practically 
impossible. 

Chicken pox pneumonia has been reported by 
Tan et al. in which the lungs were studded with multi- 
ple chickenpox lesions. Similar vesicolon lesions 
were present throughout the abdomen studding all of 
the viscera. These cases were only rarely fatal. 
Endress and Schnell have made a comprehensive 
study of this condition collected from publications and 
of their own, with infiltration and areas of consolida- 
tion throughout the lungs and areas of necrosis. They 
report as high as 42% mortality in some epidemics. 
It is evident therefore that the extent of the lesions is 
not an indication of the severity of the disease. 


RICKETTSIAL PNEUMONIA. Rickettsial pneu- 
monias, or those conveyed by the bite of small in- 
sects such as lice or ticks, are probably similar to 
others of virus type, giving similar roentgenological 
and pathological pictures. Some of those which have 
been most completely investigated are Q Fever, 
Toxoplasmosis and Alveolar Adenomatosis. Rosen 
| has reported 15 cases of virus pneumonia in poultry 
workers following handling of turkeys. 


Q FEVER, caused by Rickettsia Burneti which 
is transmitted by a tick bite, is a known causative 
agent of one of the atypical pneumonias. A number o 
different strains of Q fever have been isolated: Bal- 
kan, Mediterranean, Italian, American and Pan- 
American. 

It has been pointed out (Denlinger and Carter) 
that cattle and unpasteurized milk are reservoirs of 


this infection and that many cases have originated 
from these sources. Irons and Hooper have described 
an outbreak which occurred among stock handlers and 
slaughter house workers in Texas in 1947. Clinically, 
there are chilly sensations, fever, anorexia, head- 
ache and hacking cough. Roentgenologically the con- 
dition resembles atypical pneumonia of other cause, 
showing lobular and segmental consolidation with con- 
fluence of mottled infiltrations and possibly minimal 
pleural effusion. Aureomycin seems to be the only 
antibiotic of value. Positive diagnosis is made only 
after isolation of the organism or by demonstration 

of specific antibodies during convalescence. 


TOXOPLASMOSIS is a disease characterized by 
intense pneumonic involvement caused by Toxoplasma, 
a plasmoidal-like organism, possibly also rickettsial 
in origin through the bite of a tick. The discovery by 
Pinkerton and Henderson of the pathogenicity of Toxo- 
plasma for adults has opened a new phase in the pos- 
sibilities of plasmodial infection. 


JAAGSIECKTE ALVEOLAR ADENOMATOSIS. 
Within the last few years a peculiar type of virus in- 
fection (Jaagsieckte) epidemic among sheep has been 
found to be infectious for man. It is of especial im- 
portance since the proliferation of alveolar cells 
which it produces is not unlike the appearance seen 
in primary alveolar carcinomatosis, suggesting a pos- 
sible close relationship between virus infection and 
the production of tumors,--adenomatosis (Hildebrand). 
The microscopic picture shows the alveolar epithelial 
cells piled up on each other often still leaving an 
aerated space in the alveolus. 

The roentgen picture shows peculiar fine mot- 
tled areas throughout the lung fields which would be 
excepted from the microscopic picture but this is not 
characteristic since alveolar carcinomatosis gives a 
similar picture. 


PULMONARY PARAGONIMIASIS is a disease 
caused by the presence within the lung parenchyma of 
the oriental lung fluke paragonimuswestermani, 
(Suwanik and Harinsuta). Smears showing evidence 
of the ova in the sputum in a large percentage of in- 
stances will also show roentgen findings. Yang, et al. 
of Taiwan, Formosa reported 88% showed a “well de- 
fined nodule”; Miller and Walter pointed out the oc- 
currence of “ring shadows,” very frequently. The 
present report showed ring shadows to be most fre- 
quent. These were examined by laminograph and 
found to be separate from the bronchi and considered 
most important diagnostically. Roentgenologically, 
the *‘ring” shadows appear like cavities. No report 
is found in our country other than through return of 
soldiers from Formosa. 

Weed, et al., and others have described 
Brucella as a likely cause of pulmonary infection in 
a variety of tissues, (positive agglutination). The 
roentgen description varies from a single large soli- 
tary to many small nodular lesions--these are in no 
way distinctive of the condition. 
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SPIROCHETAL INFECTION 


SYPHILIS, although common elsewhere in the 
body, rarely involves the lung. Three types have been 
described: 1) gummatous, 2) interstitial and, 3) lobar 
pneumonic. Cases have been reported where large 
consolidated areas in the lung ascribed to gumma have 
disappeared after salvarsan administration, but this 
is not sufficient proof to establish them as syphilitic 
in nature. A few have been proved at autopsy. A 
chronic interstitial fibrosing type has been described 
as showing a shadow in the hilum region extending 
outward into the lung; it is by no means distinctive. 
The lobar pneumonic type (white pneumonia) occurs 
only in the stillborn (McIntyre). 


LE PTOSPIROSIS—(Weils disease) (Silverstein). 
This is a disease produced by any of a group of Lepto- 
spiral spirochetes. The disease is still rare in this 
country; hogs and cattle are the chief animal hosts. 
The condition is characterized by symptoms of acute 
infection, chills, high fever, cerebral and urinary 
symptoms, jaundice, hemorrhagic diathesis and an en- 
larged spleen. Roentgenologically, there are diffuse 
blotchy areas of infiltration throughout the lungs due 
in most part to edematous and hemorrhagic areas. 
The appearance is not distinctive of the disease. 


ASPIRATION PNEUMONITIS 


ASPIRATION PNEUMONITIS. Aspiration of 
ordinary food material into the lungs as a result of 
laryngeal paralysis or from any other cause, aside 
from the immediate danger of asphyxiation, is not 
ordinarily attended with grave symptoms. Aspiration 
of vomitus, however, is dangerous in direct propor- 
tion to the amount and quantity of digestive juices and 
hydrochloric acid which it contains. This may result, 
after a short space of time, in edema of the lungs, 
dyspnoea and death. Roentgenographically the picture 
is that of profound edema of the lungs. 


LIPOID PNEUMONITIS.* Lipoid pneumonia is 
a condition in which the lung structures become in- 
flamed from introduction of irritating oils. The use 
of oil as a vehicle for other medication, for nose drops 
and sprays of the upper respiratory passages, must be 
viewed with concern. 

Various oils act differently when introduced into 
the lung. 

Vegetable oils such as those used as vehicles 
with lipiodol (poppy seed oil) and lipiodine (oil of 
sesame), when highly refined and freed from all 
traces of fatty acids, cause no evidence of inflamma- 
tion even after long sojourn in the lung; only if they 
become rancid do they cause any irritation. 

Animal oils, especially cod liver oil, contain a 
large amount of fatty acids even when fresh; when 
rancid the fatty acid content is increased. Such oil 
remaining for a long time in the alveolar spaces is 
constantly subjected to the air, a condition which fa- 
vors further rancid development of the oil. The in- 
flammatory cellular reaction produced by this oil is 
extreme and may even cause death. 
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Microscopically, the oil droplet can be seen in 
the alveoli having a stringy appearance with an ex- 
treme degree of inflammatory infiltration involving 
all of the surrounding structures of the lung. 

Mineral oil is also harmful, but in another way. 
Unlike animal and vegetable oils, mineral oil is chem- 
ically inert, acting as a foreign body in the lung paren- 
chyma. The oil, aspirated into the lungs, enters the 
finer bronchi which become occluded. Air absorbed 
by the blood from the alveoli causes the oil to be 
sucked into the terminal structures. Here it remains 
for a long period of time because it cannot be re- 
moved except by phagocytosis. The oil cannot be sa- 
ponified and therefore cannot be ingested by the pha- 
gocytes. In the long continued contact it produces a 
proliferative bronchopneumonia with involvement of 
all lung structures. Accumulation of oil in the lym- 
phatics in the interstitial tissue may form paraffino- 
mas of considerable size. Pinkerton has demonstrat- 
ed the formation of paraffinomas (as large as 1.0 by 
1.5 cm.) from aspiration of oil over a long period of 
time. 

Microscopically these appear as rounded globu- 
lar deposits of oil enmeshed in heavy almost acellular 
lar fibrous tissue. At the edge of the involved area 
where the oil is in close contact with the tissues, a 
violent cellular reaction is seen. We have observed 
the development of bronchiogenic carcinoma along 
the margins of paraffinomas of this type. Aspiration 
biopsy may be of value in establishing the diagnosis 
in cases of doubt. (Nathanson, Frenkel and Jacobi.) 

Roentgenographically the lung picture presents 
an appearance of shaggy consolidation extending out- 
ward from the hilum regions into lower lobes, es- 
pecially on the right side. The picture is one of mas- 
sive irregular consolidation with interstitial inflam- 
mation and fibrosis. Paraffinomas produced in this 
way are not distinguishable roentgenographically from 
other types of inflammatory process without the his- 
tory of oil aspiration. 

Davis, et al., have reported 6 cases of lipoid 
pneumonia in which the roentgen findings could easily 
have been mistaken for tumor. Steinberg and Finby 
have also pointed out large masses resembling tu- 
mors which may readily be overlooked. 

Where large amounts of oil have been aspirated, 
the development of a paraffinoma may be observed 
over a period of years as the oil droplets are re- 
moved from the periphery and concentrated as large 
rounded masses in the central hilar zone. 


KEROSENE (INTOXICATION) CHEMICAL 
PNEUMONITIS--The ingestion and aspiration of kero- 
sene by children is not an uncommon occurrence. 
Kerosene may be detected in the lungs within thirty 
minutes after ingestion, by process of absorption into 
the blood stream and excretion by the respiratory 
tract. Aspiratian of vomitus may also facilitate lung 
involvement. Its harmful effects have been ascribed 
to irritation of the mucous membrane; depression of 
the central nervous system and vascular damage to 
the lungs (Gershon-Cohen, et al). It is accompanied 
by pronounced dyspnea and intense cyanosis, which is 
sometimes alarming. This usually subsides within 
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five to fourteen days, but may be fatal (approximately 
2%). 

Roentgenologically, the lung fields show blotchy 
areas of edema, especially in the lower lobes, which 
gradually disappear as the symptoms subside, leaving 
no indication of permanent damage to the lung struc- 
ture (Reed, E. S., et al). 


COLLAGEN DISEASES 


We have, in the past, thought of connective tis- 
sue, merely as a construction framework of the body 
to support the cellular elements; it is difficult for us 
therefore to think of interstitial tissue as the primary 
site of any specific pathological process. Recent ob- 
servations would indicate however, that certain dis- 
eases may be intimately connected with derangement 
of the collagenous tissues of the body. 

Connective tissue maintains itself by prolifera- 
tion of fibroblasts, the same as any other cellular 
tissue. It is the great reparative structure of the 
body which repairs the destruction wrought by dis- 
ease. Beyond this little is known of its function in 
combating disease. 

Steinberg has summarized briefly some of the 
pertinent facts concerning our knowledge of connec- 
tive tissue: 

Connective tissue is composed of two essential 
elements: (a) fibrillar material, and (b) interfibrillar 
substance. 

(a) These fibrils under electron microscopic 
examination ghow cross-striations of regular peri- 
odicity (646 A); they divide like the branches of a 
tree. These fibrous elements are composed of col- 
lagen reticulin and elastic fibers; they are proteins 
of high molecular weight. Collagen, when heated in 
aqueous solution, becomes amorphous gelatin. “Em- 
bryonic collagen fibers are soluble in salt-free dilute 
acid and when these solutions are treated with salt or 
neutralized, the proteins precipitate as fibers which 
possess the same fine structure as the native fibers.” 

(b) The interfibrillar substance in turn is com- 
posed of at least two components: (1) an amorphous 
ground substance, and (2) a cement substance. Little 
is known of the chemistry of the amorphous ground 
substance. 

The cement substance proper serves as a bed 
for the fibrous elements. It contains protein and 
mucopolysaccharides. There are four known muco- 
polysaccharides. Of these, hyaluronic acid is best 
known. This acid is hydrolyzed by a specific enzyme, 
hyaluronidase, known as the “ spreading factor” in 
streptococcus and other infections which contain this 
enzyme. It has been suggested that this action is pro- 
duced by effect on the cement substance. Observa- 
tions by clinicians would seem to indicate the possi- 
ble involvement of this collagenous material as the 
basis of the pathological process in a number of con- 
ditions known as “collagen diseases.” 

Nice, Menon and Rigler have analyzed five 
types of collogen diseases in detail with roentgen as 
well as pathological findings to illustrate the wide 
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range of findings which may occur in this variable 
disease. 

The conditions most commonly identified with 
this group are as follows: 

Hypersensitive states resulting in sensitization 
reactions to foreign protein; serum reaction. 

Drug sensitization, possibly by combination of 
sensitizing agent with albumin inside (or outside) the 
body 


Blood incompatibility in transfusions. 

Acute glomerulonephritis (with azotemic 
edema). 

Periarteritis (polyarteritis) nodosa, resulting in 
reaction, centered more particularly about blood ves- 
sels. Gradual occlusion of the smaller blood vessels 
of the extremities leading to periosteal proliferation 
of the long bones demonstrable by radiographic exam- 
ination giving rise to localized symptoms of pain and 
clinical manifestations of hypertension. 

Rheumatic pneumonitis, in which transitory 
joint involvement is a prominent feature. 

Rheumatoid arthritis, proliferation of synovial 
membrane of joints. 

Disseminated lupus erythematosus, associated 
especially with butterfly skin lesions on nose, cheeks, 
and involvement of serous membranes, pericardial, 
endocardial, pleural, and abdominal. 

Dermatomyositis. 

Scleroderma. 

These widely differing groups of diseases would 
seem, on first consideration, to have little to identify 
them with a common etiology. They have been ob- 
served on so many occasions to develop similar signs 
and symptoms during the course of the disease, how- 
ever, that the possibility of a common etiological fac- 
tor must be considered (Kampmeier). Each has some 
predominant clinical or pathological characteristic by 
which it can be identified, such as manifestations of 
foreign protein reaction; in hypersensitive states, in 
drug sensitization and in blood transfusions with in- 
compatible blood; anuria and azotemic edema in glo- 
merulonephritis; periarterial proliferation with re- 
sulting high blood pressure in periarteritis nodosa; 
multiple joint manifestations and certain characteris- 
tic pathological cell formations in rheumatic pneu- 
monitis; butterfly skin reaction on nose and face in 
lupus, together with occurrence of certain character- 
istic cells known as lupus erythematosus cells. 

Yet, in all, there is an associated common fun- 
damental pathological lung reaction which seems to 
establish a common denominator for all of these dis- 
eases. The widely divergent clinical manifestations 
of these diseases would indicate that any such com- 
mon etiological factor might lie in the involvement of 
a common structure such as the connective tissue 
(Banks). 

Correlation of roentgenological and pathological 
findings should throw some light on the nature and 
character of these diseases. 

“Our findings tend to confirm reports of the 
fibrinous nature of the pleural exudate and the impos- 
sibility of assigning a single cause of cardiac enlarge- 
ment in a given case. 
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Pulmonary changes were relatively infrequent 
and nonspecific. Long standing consolidation, pul- 
monary nodulation showing rapid change, and per- 
sistent infiltration having the distribution of pul- 
monary, edema constitute interesting phenomena and 
one should be aware of their possible occufrence in 
this disease. However, such lesions are rare, 
(Bulgrin, et al.).” 

The collagenous connective tissue is an all per- 
vading substance present in all tissues throughout the 
body. It would be reasonable to suppose that any dis- 
ease process affecting this structure would manifest 
itself in the lung as well as in the other organs and 
structures of the body, and that possibly these changes 
might be observed by roentgen examination of the 
lungs. By utilizing the lungs as a roentgen window we 
may be able to observe any pathological process 
which is taking place elsewhere in the body. 

One of the most common types of anaphylactic 
reaction is that due to sensitization to drugs. Such 
cases are usually mild, being accompanied by urti- 
carial reaction, eosinophilia, constitutional reaction, 
etc., rarely causing death. Few autopsies, therefore, 
are available. Such mild cases show little, if any, 
demonstrable roentgen manifestations in the lung 
since the dose is so small and the reaction so mild. 

Occasionally, however, the reaction to such 
agents is prompt and severe, coming on immediately 
and causing death within a few days. Similar anaphy- 
lactic reaction occurs from foreign protein injection 
and from blood transfusions with incompatible blood. 
These amount to essentially the same circumstances; 
the injected material constitutes a foreign protein to 
which the body is sensitive (Rich, and Longcope and 


Winkenwerder). 
In such cases the lung fields may rapidly as- 


sume a characteristic picture; the hilar regions and 
inner zones of the lungs present dense, blotchy areas 
of increased density similar to that seen in pulmo- 
nary edema, radiating outward toward the periphery 
of the lungs, but stopping short of the outer edges, 
leaving clear peripheral zones. The picture differs 
from that produced by acute pulmonary edema from 
cardiac failure in that it stops abruptly before it 
reaches the outer margins of the lung, and it is not 
associated with enlargement of the cardiac shadow 
which would be expected in such cases. Further- 
more, the shadow may vary from the blotchy appear- 
ance of edema described above to one of heavy linear 
markings radiating outward from the hilus like a sun- 
burst, but in no case extending into the peripheral 
zones, the exact location in which one would expect 
the greatest amount of edema. This, then, is the 
form of antigenic lung reaction which previous ex- 
perience has indicated is associated with anaphylac- 
tic states. Garland and Sisson, after extensive inves - 
tigation have likewise concluded that collagen diseases 
are a group of disorders characterized anatomically 
by generalized alterations of the connective tissue, es- 
pecially of its extracellular components. The etiology 
is not known; several workers have produced fibrinoid 
changes of the connective tissues experimentally, by 
mechanical and by chemical means. 
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AZOTEMIC EDEMA. Since such reactions are 
invariably associated with acute glomerulonephritis 
resulting in suppression of urine with accumulation 
of excessive nitrogenous waste products in the blood, 
this specific type of reaction has been designated as, 
“azotemic edema”, (q.v.). If the condition progresses 
it may encroach more and more on the peripheral 
lung tissue, narrowing down the outer clear zone of 
uninvolved lung. 

Microscopically there is marked thickening of 
the interstitial space with edema of the alveolar 
wall; the alveolar spaces are filled with clear gelati- 
nous material with few cellular elements usually 
mononuclears, plasma cells or lymphocytes. A ho- 
mogeneous hyalin membrane forms along the alveolar 
walls. In short, the picture is basically similar to 
that found in pneumonitis from the various types of 
virus infection. It is possible therefore that the tox- 
ins produced by these diseases may be similar in 
character to those associated with urinary suppres- 
sion from glomerulonephritis or may be attendant 
with such kidney damage. At any rate they are not 
specific for virus infections. 

Similar microscopic findings in the lungs of 
newborn infants dying shortly after birth has given 
rise to an assumption that this is a specific disease 
which has been labeled “hyalin disease of the lungs” 
(Meschen, et al). 

When azotemic edema occurs as a result of 
anaphylactic shock, it is of grave significance; it may, 
however, develop from impairment of kidney function 
from other causes for example, exposure to cold in 
which case it may not be of such grave prognostic 
significance. 

All of the collagen diseases as listed, down to 
and including periarteritis (polyarteritis) nodosa are 
associated with acute anaphylactic reaction; the 
others are more chronic having periods of activity 
which may be associated with disturbances in kidney 
function and transitory edema. 


POLYARTERITIS NODOSA. Polyarteritis 
nodosa is pretty well established as a sensitization 
reaction to foreign proteid probably horse serum. 
It is characterized by small subcutaneous nodules. 
Microscopically these represent small herniations 
of the vessel walls. When the lesions occur in the 
lungs the tiny perivascular nodules, when widely 
disseminated throughout the lungs, may give an 
appearance of miliary lesions similar to sar- 
coidosis or tuberculosis. In acute, often fatal, cases 
the extreme reaction of the perivascular structures 
of the hilum results in a dramatic roentgenclogical 
picture; heavy vascular markings radiate outward 
from both hilum regions like sun-bursts fading out 
toward the periphery of the lungs, 

Such cases are very rare however; they were 
observed in the armed forces in a very small per- 
centage of individuals immediately following serum 
inoculations, Lung involvement of any sort is very 
rare; only 4 cases out of 108 collected by Swanberg. 

Doub, et al., recognize the acute oedematous 
reaction of polyarteritis but have found that it may 
not resolve directly but pass through a destructive 
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bacillus by mineral acide. 
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fection hag shown constant: isotnithion. dow preascnabty: ae 
'| to the mags reduction in exposure to the disease, from. 
more efficient detection and isolation, and from: more 
ay | effective methods oftreatment. From adisease ranking 


as the foremost cause of death in the last few decaden =~ 


| taneveulonts has declined to one far down the list ABAD 5 
| lethal entity, It has been ascertained by Arany that’ 3." 
| \Gbon's focus of original invelvement in the lung in 

. an childhood may eves actually heal so completely that 

ie soclat ion with bronchopneumonta but Seae:é are a nat SR 
rE a readily eontrailed with chemotherapy. nea 


its biologically influence can be discarded tn some:: 


A MM ‘cages, after a period of years, only to be repeated. th S = 
| gage of any subsequent infection at a later date: All 0. 






instances of the disease and its course as originally =. . 
known, however, are sot stamped out and therefore Bees 


knowledge of its unhampered reactions must be pon= 
sidered in case such 2 Ciirse should develop.” Ab any: Le Se 
| vate fewer instances of childhood tavolvement are eee ae 
‘countered. Whes it does. eeut it follows Dy ueual, Sse 
= previously existent. pattern, | 
fection in many foci. ‘Bear sane, wherever it occurs, 2 | 
: cases which resemble tuberculous infection ‘clinically’ 


In recent years Good, « at: have encountered 


ag well as roentgenographically. Thete were areas. af _ 
“with cavity: 


‘Gales: 


“The essayista report T cases of this type from. 


ae which they conclude that, “positive roentgenograms: 


plus positive sputum smearado not always equal pul~ = 
monary tuberculosis.” They appear to be tmamune th 


oun streptomycin and isontazid therapy. 


Others alsa have these organisms ‘and ‘eonslode ab 


| ‘they may be much more numerous than semertet : ae , 
| any rate their existance represent 2 challenge, to 


practioneers and hacteriolopiaia far’ ciloteal recog- of ne 


fp ontition and laboratory precision. “Timpe and Runyon a 
| have reported a series of 88 cages; Crow and co- Se 
i Cc y workers have studied 69 patients in Georgia and — 





¥ and coworkers have recentty | Mgted. ae cages = ae 
discovered in Florida. ue. 


Fhe newly found ale ¢ ‘auay have been suacenios oe = Be 


| bot until one adequately descriptive is found it may: bee 


Ne well to. Call them “anonymous: mycobacteria.” 


Hinshaw and Garland on their bonk, * Diagiaea > 


| ot the. Chest” (1956), refer t the tubercle pacilius as 

| belonging to the mycobacterium group, containing. © 

| bacteria which are both ‘parasitic and-saprophitic. | : 
These are parasitic lorms which infect warm- blooded 
| atimals. | 


“The outstanding characteristic of myoo- 
_bacterta is the Quality of acid-fastness”--thal pecu- 
“dian ataining reaction which indicates a marked af- 





fuchsin: the color ta not readily removed from the — 
Non pathogenic acid-fast 
bacilli may be found tw butter. feces decaying plant © 


| materials, soil or timothy grass. Other saprophitic. | 


acid-fast bacteria have been. found on Auman skin and’. 


are very Common in sites where sebaceous material’ 
| accumulate (smegma bacillus). . 
ae of Mipae és Ee cealined, wien 9 wee . 


“The practical ten | 
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ean that tiberctilosis is frequently diagnosed from. 1 
: ee as 


stained. smears: without. cultural Coot FIAT OR, 
Bynes, pig innoculation.— 


FIRST INFECTION. WITH PULMONARY po. ee 
BERCULOSIS IN CHILDHOOD* (Fig. 168), The. typi- of 
cal- foentgenographic appearance of the active pri- AIS 
| lous tnfection which they drain. This is known as. 
| end of which is the: parenchymal focus and the: other oe 

, | healing tukes place with fibrosis and calcification 
of ad the Individual recovers carr 
throu: 

Anfection. The original caleiivations within the lung 


mary tuberculous complex is a donbell shadow, one 


, both shadows become emailer, dense, und more 


sharply delineated, a and finally undergo — 


and: ossification. : 

Until 1940 te was 5 generally zocepted. that any 
wubuaquent infection with tubercle bacilli would re- 
sult in the: yelnfection-ty pe 
‘primary complex would never be formed. In that . 





‘year Terplan reported on 29 autopsies in which for- | 
‘mation of typical complexes due to reinfection was. 


found after complete healing of the real fey 
complex. ‘Apparently in these cases, the body, in. 


spite of prior infection, returned to the same ioe of f 
reactivity that exiated before the first infection had — | aR 
> from two. cases observed by Waligreen over a: period ae 
| of ten years in which he witnessed disappearance. ck 
complex should not be conaidered as an occurrence. a ; 3 
of great rarity. He concludes that more material is a 


taken place. From these and subsequent cases he 
drew the conclusion that s. pulmonary reinfection — 


needed; Some share nis: views while others are a 
| convinced. 





: stancee of pr 
Same individual: Re recommended the use of the 


term *initial complex” vereng. Sprimacy. complex.” He : 2 
He expressed the view that the entire cycle of infec-- | fon of the initial lesion of parenchymatous infection; 
of aay calvitteation present should be Snpgestive: evi ‘ 


takes three to five yeara. At this time the organtom : 


. tion, allergy, healing and develogment of immunity” 
es saint become ready for another’ infection. 


| - First infection with pulmonary tuberculosis in ine | 





its. ‘red fully developed form may occur in 

: childhood, calthough it may, in certain unusual cir- 

\ cumstances, be deferred until adult life. Tubercule © 
= are. Genre into me oie and ees in alveolar | 





Fig oe6 


of reaction, and a second. 


Eee miliary tuberculosis results. 


PRINGIP LES OF RDENTGER INTERPRETATION 


atructure: ‘The initial infection may occur in any lo- rs 


| cation of the lung. The lesion is small and usually — 
-. <4 -eannot be detected during its active stage; not antil 

+ caleium salta are deposited in the healed lesion ean” 
ita presence be detected, The principal reaction to 
: Be tifection is in the hilum lymph nodes; these. 


ome large and caseous as a reault of ‘the oe 2 
Ghon’s phenomena, tn a large mafority of instances _ 


with: him - 
rf out fife these calvifications from old childhood 





are usually few in number but cccasionally an in- 


| shance is encountered where multiple ealcareuus de~ se 
posits: are disseminated thro: oe e. | 
“tnay be: fae to healed disseminated tuberculosis but 

| there is some indication that these may be due. MDE AOS 
‘healed mycotic infection, ‘notably bistoplasmosiz. 






out bath i 





‘There is more convincing proof ‘that Dietoplasmosia 


: heals by calcifications of this type. 


That there may be some tendency for valeare-, aes 
aus tuberculous deposits to disappear is indicated”. 


‘amall calearenus lesions aid reduction in alze of - 


+ others from 2-1/2 mm, to pin-head size. ‘Obvtously 

4 a large percentage of muildhood tuberculdus infec- | 
—) Hone get well siace suck a large percentage of adults 23 
“‘Sohwarts, in bis astopny ‘lnaterial. found. ae ae S bear the evidence of oid healed childhood infections © 
ary complex at different ages tn the tan ae raph 
rs with tuberculosis ig recognized primarily by ea-: - 





- Roentgenographically, then, childhood’ infection 3 


largement of the hilum giands rather than by detec- 


dence of x healed tuberculous process, j8 
Sach caseous glands usually retain ‘he: infec: 

‘Vine within their capsules, ‘but. ‘occastonally rupture 

oF the capsule octurs and the infection may be dis-_ 


, Seminated. Tf dissemination oregre ‘bate: the sur-:. 


rounding lung: atructure, a diffuse zone of ‘infiltration es 


radiating out into the lung may be seen. ire the roent~ Pe 
- genogram; if rupture occurs into a biced vessel, 


“tn euch tases tuberete. : 
bacilli usually cannot be found in the sputum In chil-: 
dren, but examination of stomach washings may: eon- As, 
lirm the diagnosis in a doubtful case. Ss 
With the establishment of the: diagnosis of child 
hood tuberculous infection, the physician's responsi- si 
bility {a not over; it must be remembered that all 
pulmonary tuberculosis originates from contact: with: ] 7 
another person baving the disease, so that examina-—— 


Hon of those in immediate and constant contsct with... 
| the child ia essential in order to ascertain the source 2 
‘of infection, A large factor in the recovery of the : 
‘| ¢hild is removal trom the source of infection.” Strep. re 
 tomycin and other antibiotics are of extreme valor ine ays 
‘prevention: and care of spread: io. thiidhood | infec ee ee 
Mona pr fp 


The EF Likewise: has shungeds. to place ‘of iS 
ie teenagers. as. hetag: the greatest age of vulner- a SOs 
ability, this has been tha: 46 the fifties and ststles. 
In PIERS of the evidence of viralent reaction and NB eRe 





PATHOLOGY OF RESPIRATORY ORGANS 


rapid advance of the disease in its virulent forms, 
such as caseous tuberculous consolidation with cavity 
formation, and the wide miliary spread throughout 
the body tissues and septic reaction, the infections 
seem milder and more attenuated. 

Use of chemotherapy in pulmonary tuberculosis 
has markedly influenced its course and prognosis. 

Friedenberg, et al. point out that before the 
use of chemotherpy the mortality of patients with tu- 
berculosis having cavities or acute miliary involve- 
ment was more than 50% in 2 years, and 100% in 5 
to 10 years. Cavity healing was not more than 5 to 
10% in a large series of patients. With present 
techniques survival rate of patients in acute disease 
is 90% or better. 

The types of tuberculosis have been grouped 
according to the predominant roentgen characteris- 
tics as follows: 

1. Exudative - productive, varies from the 
feathery, irregular dense somewhat hazily outlined 
lesions of exudative disease to the dense, sharply 
defined discrete shadows more typical of productive 
lesions. 

2. Cavitation. Often, rounded, ragged, with 
complete loss of lung markings and areas of increased 
density around the margins. 

3. Miliary - Hematogenous - Numerous small 
nodules scattered diffusely throughout both lungs. 

4. Effusion. The predominent feature being a 
serous effusion, usually pleura, occasionally peri- 
cardial. 

5. Pneumonia. Resembling lobar or bronchial 
but widely distributed and less well demarcated as to 
lobes and lobules. 

The chronic caseous fibrotic and fibroid types 
with represent lesion of long duration have been 
omitted. 

Cotter et al. have examined bacteriologically 
240 resected specimens from 218 patients treated 
with anti-tuberculosis drugs and in 65% acid-fast 
bacilli were seen, but tubercle bacilli were grown in 
12% only. 

Chemotherapy had a slight influence on the 
consistence of the lesions, tending to induce solidifi- 
cation, and to produce a definite influence on the 
histology of the capsule, speeding the tendency to 
fibrous encapsulation. After good chemotherapy, no 
positive cultures were found; after indifferent 
chemotherapy, 12%, after bad regimes of long dura- 
tion, 18%, and after good chemotherapy of short 
duration 35% were positive on culture. 

It was found that the development of bacterio- 
logical resistance was an important factor in the 
persisting postivity of resected lesions, and that the 
development of resistance was associated with bad 
chemotherapy. 

The size of the lesions influenced the bacteri- 
ology, larger lesions being more frequently positive 
on direct examination and culture. After good 
chemotherapy, however, even the largest lesions 
failed to yield positive cultures. 

In 93 patients known to have cavitated disease, 
cavity closure was achieved in 80%: this good re- 
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sult was largely attributed to postural reduction rather 
than to the chemotherapy administered. 


THE ROLE OF SURGERY IN THE TREATMENT 
OF PRIMARY TUBERCULOSIS IN CHILDREN. A 
series of 409 cases of primary lung tuberculosis has 
been analysed after follow up of 18 months to 8 years 
by Cameron et al. 33% of these were complicated by 
segmental lesions, and evidence of produced suggest- 
ing that few of the latter are likely to resolve com- 
pletely. The future dangers which have been stated to 
threaten children showing a segmental lesion are: 

a) The development of disease of the adult type; 
our evidence is against this, and the instances of this 
condition which have occurred arise from previously 
uncomplicated cases. 

b) Permanent lung damage. 

An investigation of 48 of the more severe cases 
of segmental lesion is described. 

Surgery carries hazards, both because of the 
dangers inherent in dissecting a matted lung hilum and 
the possibility that the difficulties of such a dissection 
may lead to the resection of a sound lung. It has been 
reserved for five patients who had severe and irre- 
versible lung damage. We conclude that the place of 
surgery is in the eradication of grossly damaged areas 
of lung especially involving middle and lower lobes. 

It may also be required in cases of pressure by en- 
larged gland masses with stridor. We have been un- 
able to find any other indication for thoractomy, and 

in particular we do not believe that persisting segmen- 
tal shadows should be removed because of the fear 
that tuberculosis of adult type will develop from them, 
either early or late. 

Anticipatory surgery would appear to anticipate 
only the worst possible results of conservative treat- 
ment, without offering any compensatory advantage or 
guarantee against further development of tuberculous 
infection. 

We are impressed with the curative value of the 
ordered and tranquil life of a children’s sanatorium. 
This is essential during the early period after infec- 
tion and while activity of the disease persists. It is 
seldom that results comparable to our series could 
be obtained in the normal home conditions of most of 
our patients. 

The additional routine use of antibiotics does 
not seem to offer any advantage, and we think that 
even the possibility that we might have prevented the 
development of adult tuberculosis in some of the 3% 
occurrence in our series would not have justified the 
use of antibiotics for two to three years in over 400 
children. 

Our experience is that most primary infections 
in children, even when severe or complicated, will 
resolve on adequate conservative treatment without 
recourse to surgery or antibiotics, (Cameron, et al.). 

Chesterman has outlined conditions under which 
it may be valuable. 

The portal of entry in the great majority of 
cases of primary tuberculous infection is through the 
lungs. Fortunately, the resulting intrathoracic lesions 
are not of much clinical significance in many children, 
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: _ but this primary pulmonary infection. may show itself 
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t Aiea Sen ci 


ose Beceeiaisnadatonie 


oy ~b) See Aisease Sedee 
: | oh 16, ye 
ee periphery: of the lung, usually in the apex or first ine. an 
| terapace of the Wpper lobes. The organiame, dodging 
1: in the parenchyma of the lung tn this region grow am 
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PRINCE: aie OF RORNTOE N INTERPRETATION 


‘and kinking Even the use oe the patient’s comtian 


sod iia: vein bas been tapidly followed by thrombosis, — 


ADULT REINFECTION WITH PULMONARY oak 


roe gives quitea differnt picture (Fig. 
‘The aite of initial retedection: ip at the 


| foren enlanies. There is a latent period of 10.to 20 


oa) Preseure 

.. glands: with complica; by Infeetion - 

tons due b | ie) Mibrosis 
3. Massive Pleural Etfusion Rare 


4, Disseminated Lesions “Local and aittuse 


‘at ip important to: topanuiee that the jiiness oe 
lous process often burns itwel? out but leaves pertna~ 


‘nent damage to: the lung which leads to non-tubercu-— : 
lous Lees and bronchiectasis. 


recat intervention is s indicated in the i Eatlon= : 


ae ia perforation. < ot a “major ‘aie passage” 
which: causes severe respiratory embarrassment; - 


serious episode, but, if they do, immediate prenchir 
scopic aspiration is a live-saving measure. = 
2. The perforation of a glandular mass into a: 


main airway. which causes recurrent episodes of ob- BS 


struction: this requires: excision of the glands: anid 
suture ‘of the’ perforation, — a 
3, Glandular: pressure ‘which gives rise io 


bronchial obstruction and pulmonary collapse taatioe 


more than one month; this requires excision-of the 
mass, or, if this ig. impossible, its incision and Rs oe 
moval of its contents, This is particularly true if 
the mass is aituated in the right parstraches! region, 
--as the incidence of haematogenous spread (Bently — 


> and others, 19594), phthisis, residual non-tuberculous 
Soe ees bronchiectasis, and indurative mediastinitie with su-~- 
| operior vena. caval obstroetion is higher ia this pitua~— 
tion than elsewhere, Excision showd-not be delayed” a 
nore than a few weeks, otherwise residual lesions — 


3 tavolying. the lung or mediastinuni are apt ta occur. 
4. Hlandular pressure which gives. rise to. ft== 


“brows. bronchial stenosis. This requires one of three . ae Se 


2 procedures: S 
oH SP Resection of stricture plus. pulsionaicy 


ih “taaue tor total destruction of the latter. bj Reser: oe 
eo en of stricture plus anastomasis ff pultnonary: ee: IS 
5 >) gue dlatal te the structure is capable of fanetion.. fo 
> 9) Resection of stricture plus anastomosis with axe Ee 

Paty eter ee “ciston: at djaeased area and conservation of. function- ee 
3 <>) aress ofthe lun tissce. The. anastomosis may be UPS eNs 
Ce bronchus to tronchus or of bronchus ta caring 
- §, The residual fibrosis of the gland mass may ]-- — 

lead to superior yena caval obstruction: oF eubear tual ao 


oesophageal obstruction. - 


The latter may require a careful ‘ayaia, opera- ps 


| tion. bat the results of resection and. @raft for this - 
typé of vena taval obstruction are poor as there is 
 aakaatated tronics 2 as well as PBCatis stricture: 


: “ re ON 


3 : A ‘These, as’ 
the patient. ‘does mot bear any: definite relationship to {| 
‘the size of the lesion, end, second, that the tubercu- 





as weeks: before development of the disease alter expos - 
See  Hexdy, in ite attempl-to remove the infec> on = 
= tion, throws: oul. a defense of endothelial cells and. 

sche lymphocytes: and microscopic tubercles are formed: oe : 
ey enlarge, coalesce and finally Become | ae 8 
of aufileient gize go that they became macroscopical~ 
ly visible and toentgenologically demonstrable, They: 
| appear aa thay. infiltrations two to three millimeters — Ae 
| iw sige in the apices or at the periphery of the upper’ ~ 
| lobes. Tyat why the initial tuberculous lesions = 
should he: in the apex of the lung is nol definitely — 
: Se known; certain factors in the anatomic structure and: 
| finetion of the lung, however, ma 

ae - the Cause Ae ‘Suggested by Wai. ‘Seow. Miiler: as the: 
; > |) bromchy extead towards the periphery of the lung: they 
the majority of such perforations do not cause a f (ane 








may be contributory to 


divide and subdivide becoming smatiar and smaller: — 


= ee bacilli in this location. Unrest Sa 
ef “Lytpphatic drainage trom pach. an area of: infec~ , 
“Hon is likewise in two directions; fromthe respiratory © 
—branchiole drainage. in inward by way of the lymphatic 
channels which accompany the ‘bronchi, ‘and also pe- 
| sipherally over the surface of the plewta and, ‘back tor 
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% | after atime they reach the stage of division in which ~~. 
“| the bronchiole loses its cartilaginoua rings ‘and haa >< 
| bdlike projections of alr saca from ite walla; sinte 
| it aids in respitation it is called a ‘respiratory ‘bron. = = 
| chiole, Up to thig point the bronchi are supplied with 2 
2.4 tlood from the bronchial artery; fram this point 
a ) peripheralward the: pulmonary. artery. supplies: the 
ling structure. in the region of the respiratory 
ae bronchiole, ‘the two circulations mix and it may be = oe =< 
| Ahat some: retardation of flow results; this may be a ae PSY 
_- | factor in the lodgrment: and favorable growth ‘of taber- 


~ i= 


ward the hilum, the lymphatic ¢ 


 Pangerment of the lung. marking® (Tey ; | 
_ the channels in this direction become blocked or over- 122° BS 
| initia onset it the basal portions of the lungs ip 1. 5h Bis 
S -} of all tastances. This is of apecial concern since in. 
“this Incatidn has a tendency to abrupt onget pass a 
+ quickly to a moderately advanced or far advanced 7 
stage with cavity formation often within $0 daye, 
Prompt action with pneumothorax. and chemotherapy ae 
ig essential, (Cherry). : 


| PATHOLOGY OF RESPIRATORY ORGANS 


the hilum by this accessory ‘youte. This also. may in 
some way favor growth of tubercle bacilli in this. Ter: 
gion. The fact that the ‘upper portion of the lungs. 1B 

: subject to least expansion aloo may play a part. — 


The dafense of the body against tuberculous a e . 


fection ia conducted prin Be 





‘itial involvement in adult reinfection ia drained to-— 
channels become en- 

gorged producing the appearance of & “fanlike” ars 

fain x Fan). H- 








whelmed, the infected area is drained. peripherally 
toward the edge of the lung, over the surface of the — 


lung to the hilum; the engorgement of the ‘pleural ym 


phatics results in pleural thickening which can be 


detected roentgenographically as a narrow line run-_ S 
ning along parallel to the outer margin of the pleural =e 


cavity. Thickening of the interlobar pleura on the” 
right side is sometimes seen under these Sonditions 
but it is of course not distinctive of the disease. In 


adult reinfection with biherculosie. the tegional hilum. : 


glands do not show: the same: degree. if enlargement — 
and: reaction. as seen in the chi Phood 
SENS “The disease may spread: 


aS By sontina ity: pf tisaue; as the dinause pro 
greases the individual infiltrations enlarge. 





i 2. By the reapiratery aystem;. aApatum cone 
_ taiaing tubercle bacilli may he coughed: up 
— into the trachea and be aspirated inte some | 
ther adjacent bronchus, thus inoculating: 
ROME NeW remote region of the: lung, even. 

a - gn the opposite side, 3 

iN o ‘By the lymphatics; should the infection be” 

_. too severe and extensive to cope with, tu-— 


-bercle bacilli; drained to the regional nodes, _ 


thay again become active and i PORE MEW 
fori of infection. 


oe By the blood atream: a ‘easeous. tubaxcuines: 2 is 
ng into a blood vessel may dump | 
“its infectious: contents: into the blood Stream =f 





‘ _ leston, er 


to be carried to the tissues supplied by the 


weasel involved. it this ig some small vessel S 


at the pulmonary. vireulation, disseminated — 
pulmonary tuberculosis will result: ifa 
larger vessel of the systemic PEC, 
may tuberculosis follows. Pepe 


‘TYPES OF BODILY REACTION.* Ao a genee . = 
rule there are three: types. . Ponty reaction axeited: pS: 


poe Sonam IRS pneumonia of pneumococcic origik ‘pid 1 indtatinguieh- : 
a able from it. Tubercle bacilli are waually-absent ~~ | 
| frown the sputum at this time. As the disease pro~ 
| (gresaes long beyond the time for crigis, suspicion is» - 
“aroused aa to its tuberculous nature. The right upper 
Jobe ia the most frequent aite of involvement although | 
“| atiy portion of the Tung may be involved. dt often re- = 
1 gutres three months before cavity formation occurs’ | 


by tuberculous: intelli, 
rhe Exudative 
Be 8 Destructive” 
as ‘Fibrotic 


When flection: first bonnes wulabivened mono- 
sktae cells, lymphorytes aud other body! tissue cells: 
and serum exude about the infection. in an attempt to 
destroy it. Epithetioid and giant cella appear ag a> 
characteristic part of the: reaction: This conetitutes 
the. spllitratiye: or cexpalative £ : of Seaan it may 





ly by lymphocytes, mons- “s 
‘nuclears, epithelioid and. Biant cells. Polymorphosu~.. RSS 
clear celle play only a minor role. As the site of Se Aes 


type of Firat in i 


| MOMIA* (Fig. 168), 
S pneumonia we have an extreme example of the ‘ea. 
>}-dative type : 
Dears bomleate, forming areas of consolidation. Eee zed by: an aoute pneumonic consolidation usually” ine 
oe S ee an entire AABE similar in ‘mapearancy to. lobar : 


ogee Se 


ee 
succeed in conquering the infection and. the reaction 


| may go no further. If, on the other band, the bacterial — 


infection is too great, areas. of destruction or cavity 


? ‘| formation occur as a result od. toxins produced: this. | 
: -conatitutes 1 the destructive reaction, So 
 ptroyed area may he replaced by librous-tissue for~ 


“Pinally, any de~- . 
mae and we have the third type o{ reaction, fibro- 


wig. All of these types of reaction may be Boing on- Eon at. AEA) 
= the same time in adjacent portions of the: Muang O * 


“Yo different. individuals and even in different. 


“| pects of be tung, one or other of these types of 
4 reaction may predominate.’ 


“Retaféction type of widalt tuberealosis ‘bas. i: 


“Pavia after examination of a large number of 


| tuberculous patients by planigraphic method has. ten , 
| termined that while this method ts helpful in detection ‘i 
| oot pulmonary: Ravitine it ig by no means ag absolute: oe 

ce Simepoeti method. ; | ea oe 


ACUTE CASEOUS TURERCULOUS PNEU-- LOE Co3 | 
In acute caséous tuberculous © 


‘This condition is character~_ a 






of reaction, 








FAR BAG. 


| is in the consolidated, area;-not until this time are tu- 
_bercle bacilli demenatesble in the Sealey: Eran ae Bs 


—— a OS Mar ae eS Set 
SE OPS PSSST SSRIS 


| with: thia ‘akeoisl faits ib show ‘faberenlontal” 


> oes eS 
= I cis oa ee a 


a 


ihe on dissemination of the jnfectinn to ‘the ‘pemmaine 
der of the lungs uenally: octura; formerly few pa- 
tients survived this disease: today, with the advent ade 
‘antibiotic therapy the outlook ts lesa gloomy. J ust 
why tuberculous infection should exhibit such a_ 


marked pnevimonic. reaction. such aa this in some See 2 


dividuals-ig not entirely clear. Some feel that it is 
the reaction in a previously sensitized individual: it 
is a matter of clinical observation that in Pereone S 
showing this type of reaction there is rarely. any 
manifestation of previous tuberculous infection. 


“Under the present attentiation of the Gisease” : 2 


tis 6 form is most rarely encountered. 


. EPITUBERCULOST. An eguor tyes at senst- 
tization reaction is seen in. epituberculosia; io this 
Sane a gelatinoas consolidation devotd of bacteria — 


fe Esse 8 


covery with complete resolution regulte. This pe. 
cannot be distinguished. roentgensiogically. from tue 
caseous tuberculous pneumonia; the lack of severe- 


-clinteal symptoms may be a ciue to the true nature BS 2 
of the condition. It is a rare manifestation and waa. 
almost always: encountered in children; a2 is reealy soe 


seen now (Bendick). 


"EXCAVATING TUBERCULOSIS.* In coeaia” oe ! 
instances, a tuberculous infection may show 2: great oe 


tendency to produce destruction; large irregular 
cavities develop sometimes completely excavating ; 


an éntire lobe or lung, Such instances are extreme || 





‘Tuberculous cavities may b 


types, the acute cavity with ragged | irregular walls el 


“Which develops rapidly in the center af an area of 
 paseation: the rounded cavity with a amooth thin fie 
~~ broag: wall which: develops more slowly. withing 
-pmall area of tuberculous infiltration and the cavity. 
Swrithy healing fibrotic walls which is due to ite es 
3 chronicity. 


nea “Rounded, ‘amooth, thin walled “tension cavities” I 
ie may. develop as 2 result af check valve action ‘of 


‘grapulations at the bronchial comimunleation, 


Bendick bas pointed out that tie Lordotic wake. = iS a 
tion may be helpful to show cavities but a should Be uC 


be relied Upon ‘as an absolute aid, 


 Favis after examination of 2. large npmeber: ‘of PES 
tuberculous. patients by planigraphic method has de- ape 
termined. that while this method ts helpful in detec.” rR 
tion of pulmonary cavities, it is oe no Pineau af abe. ae ee 


i solute diagnostic. method. 


FIBROSIS. AND HeAiNe* Tuba reutine iesione | 


, tend to heal by fibrosis whether they be small foci of 


infiltration within the lung or large areas of paren-— a - ‘i 


chyral involvement. As fibrous tissue organizes it. 
contracta displacing adjacent movable structures to: - 
which 2¢ is attached; the hila of the lungs are cana 
upward from apical scarring, the pleural septa are - 
displaced hy fibrous processes in the adjacent: foben: 
an entire tung may be inyolved causing narrowing of - 


the a SORTS: aide: a the chest resulting in. chronic snter-|_ , “Se : 


- are found on pathological ‘exarol: age 

. layer upon layer of fibrous tesue with varyingdegrees 

| Of caseation necrosis in the center, Theasp CS 
-fepresent the “healing” of “closed cavities”. Similar — — 

- fibrotic nodules may dccur as a *healing” stage i: Byo= = 
| they are usak 
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1: stitial Hoeosia Fibrosis : may even result in healing 
A ot pare: extensive areas of cCuseation. secroais: and: 


cavity formation. Bven large cavities may undergo 
gradual reduction in size and {inal obliteration by fic. 


“| brosia. Sonie “heal” by conversion into a eolid nodule 
_ (Pagel and Simmonds), such lesions presenting the aps 
| pearance of rounded well-defined nodules in the. jung, ye 


nation to be due to- 








, abacesses; under these conditions however — 





-etum deposit within an encapsulated caseous nodule, 


te qs Ultimate obliteration of: the infection ceed occur leay~. ae 
: 4 os only a fibrous nodule. 9 


Radiologists have always hesitated to declare S yh 


the degree of activity of tuberculone lesions trom a>” 
1 - single reentgen examination~-and nightly so.. ‘Exten- Be aos 
—filye surveys have shown, however, that be can-prob- 
| ably conjecture an opinion with greater accuracy than, Se 
| he had formerly supposed. The conclusions of — Boe 
.) Birkelo and Rague indicate that: “activity can be. de~ ee 
termined accurately by roentgen examination and = 
eS - more ¢ reply as Bonaneaioatly than by. Ractertologi= aR 


8809: cases a minimal qubercalosia followed. 


, bon 2to§ years show that their activity was cor-— 
examples of the destruttive action: ae the indection a ‘Po rectly determined fram the firat roentgen examina 
rel | How in 88% of the casea (using ange. eae a, a 


————,* interpretation). 





CHROMIC DUFFUSE INTERSTY TAL} FIBROSIS. 
TUBERCULOUS" (Fig. 169). Some individuals 





f See with an extreme degree ‘af fibrous. tissue’ 
reaction giving cise to auch large quantities: of fibrous: 
lsaue that a ia itself becomes a menace. ce oe 





: muaily solitary and there are no manifesta~ 
a tong of tuberculous: bifection in the chest. Calcifica- 
tion may of may not nceur. Increased homogeneous. 
| Q density. of such a nodule usually. indicates. heavy cal- 
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whether the condition is produced by pyogenic infec- 
tion or tuberculosis. There is one feature by which 
the tuberculous nature of such a condition may be 
suspected, namely by the appearance of manifesta- 
tions of tuberculous infection in the opposite lung. It 
would be inconceivable that such an extensive tuber- 
culous involvement of one side would not show some 
extension of the tuberculous infection to the opposite 


lung. 


MILIARY TUBERCULOSIS.* If a focus of tu- 
berculous infection, such as a caseous gland, breaks 
through into a blood vessel, tubercle bacilli are dis- 
seminated by the blood stream throughout the dis- 
tribution of the vessel involved. If that be the pul- 
monary circulation, dissemination of the disease to 
all or a part of the lungs occurs; if it is the abdomin- 
al circulation, peritoneal involvement results; if it 
is the blood supply of the central nervous system, 
tuberculous meningitis results. If the tuberculous 
material is inoculated into the systemic circulation, 
general miliary tuberculosis will result. 

Roentgenographically, miliary tuberculosis of 
the lungs manifests itself as uniformly distributed 
tiny infiltrations, all of similar size since they were 
all disseminated at the same time and therefore have 
all had the same time for growth. Correlation of the 
roentgen findings with the patient’s clinical symp- 
toms, however, is essential since there are a number 
of other conditions with which it may be confused. 
With miliary tuberculosis there is usually high fever, 
great prostration and evidence of toxicity; in most 
of the other conditions with which it might be confused 
such constitutional symptoms are lacking. 

Bronchiolitis occurs predominantly in infants 
and young children. It is a respiratory infection af- 
fecting mainly the terminal bronchiolar structures, 
with all attendant symptoms of infection. There are 
crepitant and subcrepitant roles throughout the chest, 
but no other evidence of disease. Pathologically, 
these small foci of infection may be the site of minute 
fibrous lesions on healing. Roentgenologically, how- 
ever, there is little if any diagnostic evidence of the 
disease. 

The nodular type of silicosis also may under 
certain circumstances resemble miliary tuberculosis; 
here also there are no confirming constitutional symp- 
toms. 

Other rarer conditions which may produce sim- 
ilar pictures are: miliary carcinomatosis, miliary 
deposits in lymphatic leukemia, mycotic infection 
such as aspergillus, histoplasmosis; miliary lesions 
associated with sarcoidosis and erythema nodosum. 
Inhalation of irritant dust particles such as silica and 
beryllium produce miliary nodules which may be con- 
fusing. Felson has listed 40 conditions which pro- 
duce miliary lesions of the lung with notes on differ- 
ent reaction. 


BRONCHIAL TUBERCULOSIS. Tuberculous 
involvement confined to a bronchus may not show evi- 
dence of involvement elsewhere in the lung on roent- 
genographic examination; yet tubercle bacilli may be 


See 
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a constant finding on sputum examination. It may be 
associated with tuberculous granulations which pile 
up and occlude a bronchus causing transitory areas 
of atelectasis (q.v.) or bronchiectasis or it may be 
associated with ulcerations which give rise to per- 
foration with fistula and hemorrhage. Healing with 
scar tissues may give rise to stenosis. Broncho- 
scopic examination is the only method by which the 
diagnosis can be made. 

Hinshaw and Garland in their book refer to tu- 
bercle bacillus which belongs to the mycobacterum 
group, containing bacteria which are both parasitic 
and saprophytic. There are parasitic forms which 
infect warm blooded animals. 

“The outstanding characteristic of mycobacteria 
is the quality of “acid-fastness.” Although all may 
lack this property at times the term “acid-fast” re- 
fers to that peculiar staining reaction which consists 
of a marked affinity for certain dyes, especially car- 
bol fuchsin. The color is not readily removed from 
the bacillus even by mineral acids. 

Nassau and Hamilton have studied 18 cases of 
pulmonary disease due to this type of mycobacteria 
or yellow bacillus. In 6 cases the bacillus was iso- 
lated, not only from the sputum but from resected 
lung tissue or cavity aspiration; in the remainder 
from the sputum only. In no cases was the human 
type of mycobacterium tuberculosis isolated. 

It is thought that under circumstances not yet 
understood mycobacteria other than the known human 
pathogens are capable of producing localized, chronic 
disease in persons previously sensitized to myco- 
tuberculosis which histologically resembles or is in- 
distinguishable from tuberculosis. 

Geotrichum candidum occurs as a saprophyte 
in the mouth, bronchi and g-i tract, (Webster). Ordi- 
narily not pathogenic, but under certain conditions it 
may become invasive leading to rare infection affect- 
ing bronchi and lungs. There are no specific symp- 
toms nor characteristic roentgen findings. “Charac- 
teristically the sputum is earthy smelling and of a 
gelatinous mucoid type with suspended grayish 
flakes.” The roentgenogram shows areas of consoli- 
dation and cavitation, not unlike tuberculosis, 
bacterial pneumonia, other mycotic infection or car- 
cinoma of the lung. It is accompanied by chills, 
sweats and high fever. 

All ordinary bacterial tests are negative but 
geotrichum candidum is or may be isolated from the 
sputum. An intradermal test is tetracycline for one 
week, then potassium iodide. Recovery usually takes 
place. 

Webster has called attention to a rare type of 
fungus infection with geotrichum candidum which de- 
velops as a saprophyte in the mouth, may spread to 
lung and gastrointestinal tract and produce extensive 
infiltration although there are no specific symptoms. 
Sputum smells earthy. Diagnosis depends on re- 
peated isolation of infective agents from fresh sputum. 

It produces areas of infiltration with cavity 
formation. 
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Changing Character of Pulmonary Infection 


The last decade has seen a remarkahle de- 
crease in the number and severity of patients with 
tuberculous infection. From a disease which used to 
be one of the prime causes of death, it has fallen to a 
fraction of its former value. 

There can be no doubt that this was largely due 
to the advent of antibiotic medication therapy. There 
were, of course, many other contributing factors 
such as the high degree of efficiency which had been 
attained in medical care; isolation and prevention of 
propagation and spread of the disease; etc. Serial 
roentgenographic examinations for the detection of 
isolated cases of the disease undoubtedly aided in the 
ultimate conquest of the disease although it may not 
have played as great a part as at first supposed. In 
the early part of this century, the morbidity and mor- 
tality from tuberculosis was at its highest; in 1915 
or 16, the high mortality rate began to subside and 
continued year after year without interruption to the 
present time. Garland has pointed out that although 
sometime in 1928 to 30 public surveys were insti- 
tuted by means of x-ray minature film examination 
for the detection of this disease, no change could be 
seen in the rate of fall of the curve and that this con- 
tinued to its present stage. This failure of such an 
obviously effective agent to make any evident effect 
is probably because of the relatively small number 
subjected to examination in comparison with the 
overwhelming number of people involved. 


Pseudotuberculosis 


Seven cases are reported by Good, Carr and 
Weed in which the roentgen picture of infiltration, 
consolidation, cavitation and fibrosis of the lung were 
present leading to the roentgen diagnosis of pulmon- 
ary tuberculosis, associated with finding of acid-fast 
bacteria in smears of the sputum. This leads to the 
confirmatory assumption of the presence of the dis- 
ease in which its subsequent course proved this to 
be entirely erroneous because of complete recovery. 
This has been a rather recent discovery and may 
have something to do with the advent of use of anti- 
biotic therapy. 

“Although the existence of such organisms and 
their interference with true recognition has been 
known for some time, they are rare in number and 
suitable names have not yet been found for their 
designation. 

In any case presumed to be one of tuberculosis 
by reason of demonstration of acid-fast organisms, 
therefore, in which the course seems to be in any 
way unusual, it would be essential to check the bio- 
logical effects of the acid-fast organisms by its 
characteristics in culture and on living organisms. 
Hardy, et al., propose the following classification 
for these organisms according to their cultural 
characteristics: 


(1) photochromogens, which produce buff or 
cream colored colonies when grown 
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in darkness, but which develop lemon- 
yellow colonies when allowed to grow 
in the light. 

(2) non-photochromogens, which produce buff or 
cream colored colonies wherever 
they are grown. 

(3) scotochromiogenes, which produce yellow or 
orange colonies wherever they are. 
grown. 


The photochromogens and the non-photochromo- 
gens are most commonly associated with pulmonary 
disease. The scotochromogenes are commonly en- 
countered but rarely in association with pulmonary 
lesions. 

While all three of these organisms do not pro- 
duce generalized disease in guinea pigs, photo- 
chromogens and some non-photochromogens are 
pathogenic for mice. Most of the strains in all three 
types are resistant to isoniazed and para-amino- 
salicylic acid, though they are only partially resistant 
to streptomycin. This is in contrast to the suscepti- 
bility of mycobacterium tuberculosis to these drugs. 
For further information on the bacteriologic charac- 
teristics of these organisms, the reader is referred 
to the articles by Hardy and associates, Crow and 
associates, Timpe and Runyon, Tarshis and Frisch 
and Wolinsky and associates. 

Investigators who are familiar with the subject 
have emphasized repeatedly that the clinical features 
of the pulmonary disease associated with these bacilli 
cannot be distinguished from those of tuberculosis. 
This seems to be especially true of the roentgeno- 
graphic appearance. Our limited experience supports 
this opinion. 

Longstanding retention of thin-walled cavities 
is a potential hazard for spread of the disease and is 
usually well worth the risk of operative removal than 
to continue to harbor such a focus of the disease. 

The advent of chemotherapy has rendered many active 
tuberculous lesions as good surgical risks, not only 
in pulmonary but also in bone tuberculosis. 


NATIONAL TUBERCULOSIS ASSOCIATION 
AND AMERICAN TRUDEAU SOCIETY CLASSIFICA- 
TION (Diagnostic Standards, 1950). In order to come 
to some common ground of understanding, the Nation- 
al Tuberculosis Association has decided upon a 
classification to denote the extent and degree of pul- 
monary involvement. From the roentgenological 
standpoint the essential features of this classification 
are as follows: 


Extent of Pulmonary Lesions 


Minimal 

Slight lesions without demonstrable excavation 
confined to a small part of one or both lungs. The 
total extent of the lesions, regardless of distribution, 
shall not exceed the equivalent of the volume of lung 
tissue which lies above the second chondrosternal 
junction and the spine of the fourth or body of the 
fifth thoracic vertebra on one side. 
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Moderately Advanced 
One or both lungs may be involved but the total 


extent of the lesions shall not exceed the following 
limits: 

Slight disseminated lesions which may extend 
through not more than the volume of one lung, or the 
equivalent in both lungs. 

Dense and confluent lesions which may extend 
through not more than the equivalent of one-third the 
volume of one lung. 

Total diameter of cavities less than 4 cm. 


Far Advanced 

Lesions more extensive than moderately ad- 
vanced. 

While this classification still is of value in de- 
termining the degree and character of tuberculous 
involvement, it is of much less valuable under the 
present developments of the disease. 

Eade, et al. have undertaken a thorough as- 
sessment of effects of chemotherapy in pulmonary 
tuberculosis. A bacteriological study of the residual 
lesions resected from patients thus treated has been 
undertaken, offering a means for evaluation of its 
efficacy. 

59 Gurkha soldiers suffering from pulmonary 
tuberculosis had partial lung resection performed 
after treatment with the same regime of chemo- 
therapy for periods between 10 and 25 months. This 
consisted of a 1.0 g. streptomycin and 100 mg. b. d. 
isoniazid together on alternate days for a short 
period of daily drug therapy. 

Radiological assessment included full-plate 
tomography and routine postero-anterior chest 
radiographs at six week intervals in every case. 
That cavities had closed, when this was so, was con- 
firmed tomographically. 

Laryngeal swab culture was carried out in the 
pre-operative period in every case and was positive 
in two patients only, whose specimens were the only 
two yielding resistant bacilli. 

The patients were divided into three groups 
according to the type of their disease, and their clini- 
cal and radiological features are described. These 
are correlated with the findings of bacteriological 
study of the resected residual disease. 

In general, the findings support the view that the 
persistence of viable tubercle bacilli in the lesions is 
reduced with increased duration of chemotherapy, un- 
less bacterial resistance to the drugs used in treat- 
ment has developed. 

There were five patients in whom cavities had 
persisted throughout treatment. The lesions from 
three of these were culture positive, the organisms 
in two being resistant to streptomycin and isoniazid. 

Of 34 instances in which the solid residuum of 
previously cavitated disease was resected, tubercle 
bacilli were cultured from the specimen in only one, 
and then not from the cavity site itself. This patient 
had received only four months’ chemotherapy after 
the cavity had closed, whereas 30 of the remaining 32 
patients had received from 6 to more than 18 months’ 
such chemotherapy. The possible implications of this 
finding are discussed. 
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Of 20 patients with non-cavitated disease 
throughout, tubercle bacilli were cultured from the 
resected specimens in two; these patients had re- 
ceived chemotherapy for 14 to 16 months respectively. 
Both cases had been consistently sputum negative, had 
negative pre-operative laryngeal swabs, and had shown 
only slight radiological change during treatment. It is 
suggested that minimal lesions of this type may well 
prove to pose a more difficult problem with regard to 
their definitive treatment than has been thought. 


SURGICAL METHODS IN THE TREATMENT OF 
TUBERCULOSIS. The last decade has seen the devel- 
opment of the surgical treatment of tuberculosis to a 
high degree. Artificial pneumothorax is considered 
by most experts on tuberculosis as the greatest single 
advancement in the treatment of tuberculosis in the 
last twenty years; today antibiotic therapy has largely 
replaced pneumothorax as a therapeutic measure. 

Bickford, et al. conclude that although the 
rapidly changing face of the treatment of pulmonary 
tuberculosis makes the accurate assessment of one 
particular episode in the course of therapy virtually 
impossible, certain broad conclusions can be drawn, 
particularly if the follow-up study is long enough. 

First, we believe that we can accept resection 
treatment for that portion of the disease which can- 
not be healed by rest and chemotherapy as a reason- 
ably safe line of treatment, with a mortality of under 
2%. Compared with thoracoplasty this means that a 
longer period of training of junior staff is required 
before they can safely undertake this type of opera- 
tion. 

Secondly, except for the minor segmental ex- 
cisions, we believe that a space-reducing operation 
either at the same time or as a second procedure is 
obligatory. This opinion may be altered when we see 
the results of chemotherapy given for one to two 
years after operation. Our experience has disproved 
the hope that we had at the beginning that the thoracic 
cage could be left intact. 

Thirdly, 87% of patients operated upon are well 
and free of any evidence of active disease at the end 
of 5 years. Nine per cent, still have active tubercu- 
losis or have died of the disease in this period. We 
believe that resection treatment has justified itself. 


ARTIFICIAL PNEUMOTHORAX.* To be best 
suited for pneumothorax therapy, the involvement 
should be unilateral. By inducing pneumothorax on 
the affected side, the lung is freed from the chest 
wall and is partially collapsed. In this state it does 
not engage in the full degree of respiratory excur- 
sion and is, therefore, put somewhat at rest, favoring 
healing of the disease. Therapeutic pneumothorax to 
be effective must frequently be maintained over long 
periods. Re-expansion of the lung after such a long 
period of inactivity causes considerable decrease in 
its function. 

There is some interchange of air as indicated 
by the fact that in recent years bilateral pneumo- 
thorax has been used as a therapeutic measure, with- 
out danger to the patient. Pneumothorax is frequently 
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penferniad tp cause collapse af dayities,, 7 This it may 


accomplish but not necessarily from compression. It. 





may, by: ging the, relationship of its bronchial. 


| communication, abolish the check valve action which | ; 


- permits sir to enter ‘but not leave the. eavity, and. - 
‘ke it may even in certain 
_ instances. intensily this action: Causing the cavity to 
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4 | tire ‘aide of the thorax and compression of any eavi-.. 
ties present This ig-rarely performed today... Even 

Lc) ga0k compression may not result in obliteration of 

| the cavity, The use of antibiotic agents résulta in 

‘} more asceptic sondirions 3 and miseical etihane ae 

| ayer often ped. ) | . 


blow up larger. By reducing the elastic recoil ofthe | ee 


‘reat of the lung the process. of natural eee mt ie o : 


brosis ie enhanced, 


iNeed 


- PNEUMOLYSIS.* Plestai Apliccions between, ihe . 





| parietal and visceral pleurae adjacent ta = nawity 


motivate against its obliteration. Often such adha- 


sions are strandlike and are confined: to this: location | 


inthe lung. Paeumolysis by severing of gach adhe-. 
| vie with an electrocautery ia posaible by using a 


- theracoscope introduced into the chest cavity (acob- | 
- eng), This operative procedare is very readily car- [ 
“pled cubvand may: epertively, resis ultimate: healing 4 


ees a EE: 


- PERENICOTOMY* wie: 170); 
; inte: of rest for the involved tung is: carried out is - 


oe paralyzing the diaphragm frou seetion of the phrenic : 
oH the nerve is completely severed, the dia- 


phragin becomes paralyzed, flapping paradoxically, 
upward on. ‘inspiration, downward on expiration, If 
any nerve fibers remain by cross innervation from 
the: opposite side, the diaphragm i¢ merely immo- 


- iliged in a high position, a pacers action TAY : 


not develop, 
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PNEUMOPERITONEUM* in adeocialion oth 
phrenicotomy may aid in still further Renornee 
upward of the diaphragm on the affected eide. Tee 
would nant seem to be of much value for. any other 


condition in the: treatment of pulmonary tabereulce. 
| only 13: were submitted to operation. This illustrates — 


‘THORACOPLASTY* (Pig. 47). Where large 4. 


ehronle eavities are present which cannot be: Polen oS 
lapsed ty pneumothorax, in suitable cases, thoraco- fs 


the chest. ‘The operation. consists in removal of 
several inches of bone from part or all of the ribs 
on une side of the chest, causing srs of the n=: 


The same prin=- ue : é 





Fig. 171. 


_EXTRAPERIOSTEAL IV ALON PACK. This is a. 


. eae used by thoracic surgeons in collapse treat- - 
ment of pulmonary tuberculosis. 


The periosteum is 
stripped from the ribs allowing the: parietal and vis- 


| ceral: pleara. to fall inward thus creating an eatra- i 
pleural space, which is ther packed with Walon. The 
Tvalon is usually removed in three to five minthe. an 

joa small thoracopiasty ts performed. In nome TABOR, 


the Material te left in sity: indefinitely, 2 05) 
Coben has demonstrated the: development ot 
entific’ & psendofractures. inllowing the extirap mie ; 





| teal Ivaion pack and concludes that this: pbbapmenac 
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_ EXTRAPERIOSTEAL. PLOMBAGE. ‘Wola, tyes 


is vautigatine extraperiosteal plombage in the treatment’ 


of pulmonary tubercwosis found that the average per 
od of observation was § years of patients, in 5¢ of Th. 
in whom plombage waa performed got well without — 


further operation; T got well with forther wurgery; 2 
e > ehad of coronary thrombosis, but aren An these sae 
ni “tuberculosis was Well controfied.” 


Where infection occurred in the epane, pres, ae = 


age operative drug therapy was usually inadequate. 


‘Arblaater, et al. conclude that: “Thus, of 187 


= 3 paltenty nbserved for more than one year after they - 
had reached the point of suitability for thoracoplasty — 


“the practical value of the policy of observing Bae 
“+ for some time rather than making an early. RRCAaNE 
4 to operate.” 

plasty can be utilized to collapse the involved. side of es 
ea been observed for a long time, the ultimate reaidin. 

ae obs cannot be predicted. Nevertheless we are imprest 
op py: the each that nut one patient in the 1952-55 Ray 
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has died from tuberculosis. We consider that our 
results indicate need for reappraisal of the indica- 
tions for surgery in pulmonary tuberculosis. ... it 
may be inferred that if patients refuse medical 
treatment, thoracoplasty should be advised. If these 
patients subsequently refuse chemotherapy, their 
prognosis is improved by operation.” 

Macarthur has undertaken a prolonged and 
painstaking investigation of the efficacy of plombage 
in the treatment of pulmonary tuberculosis and its 
incidence of effectiveness. 

The introduction of unabsorbable foreign ma- 
terials into the tissues is liable to be followed by 
late infection and their extrusion. This has been 
found particularly to be the case when such materials 
have been used to maintain surgical collapse of a 
tuberculous lung. The early results of extrapleural 
oleothorax and paraffin wax plombage were satisfac- 
tory and give a high proportion of closed cavities 
without deformity (McIndoe, Steele and Alexander, 
1939). With the passage of time, however, the in- 
creasing number of cases developing a late tubercu- 


lous empyema led to these materials being abandoned. 


The advent of plastics and their application in sur- 
gery brought about a revival in the plombage type of 
operation. This revival came at a time when 
thoracoplasty, although a proved and widely used op- 
eration, was, in some quarters, falling under criti- 
cism because of the deformity and loss of respira- 
tory function associated with the procedure. Pul- 
monary resection had not then been established as a 
standard method of treatment, and it was during this 
period in the evolution of the surgery of tuberculosis 
that plombage with plastic materials had a vogue. 
Apart from its advantages as a cosmetic, one-stage 
procedure, one of the most attractive features of 
plombage was its applicability to the poor risk pa- 
tient who had bilateral disease and reduced respira- 
tory reserve. Early experiences with lucite spheres 
used to maintain collapse after extrapleural pneu- 
monolysis were not satisfactory (Trent, Moddy, and 
Hiatt, 1949). But the operation introduced by Lucas 
and Cleland (1950), which can be described as an 
extrafascial, extraperiosteal plombage, in which the 
rib cage is left intact and a layer of intercostal tis- 
sues maintained between the foreign bodies and the 
lung, gave excellent results in the early stages of its 
trial. As these cases are followed up it had become 
apparent that the plastic materials are heir to the 
same late complication as their predecessors. Re- 
ported series show an incidence of about 5% late 
space infections in the first five years after opera- 
tion (Jackson and McCann, 1956); Cleland, 1956). 
Inada, Sato, Kishimoto and Tanabe (1954) in Japan 
found this complication in one third of 106 patients. 
In the course of time it is likely that a high propor- 
tion of plastic plombs will become infected and 
Cleland (1956) has expressed his disquiet on this 
point. 

If the development of a tuberculous space in- 
fection is recognized early and its treatment insti- 
tuted promptly, it is not serious. Unfortunately, the 
onset of infection is usually insidious and if the early 
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signs are overlooked, the complication can be impor- 
tant. It is the object of this paper to draw attention to 
the ways in which this complication may present and 
to suggest the surgical measures necessary to deal 
with it. 22 patients who developed space infections 
have been studied. The original operations were done 
by five different surgeons, but they were all of the 
extrafascial, extraperiosteal type. The foreign ma- 
terial was in every case either polythene or lucite. 
Although it has been found (Desforges, Gibbons and 
Strieder, 1954) that tubercle bacilli can be recovered 
from the space shortly after operation, clinical evi- 
dence of an infected plomb takes longer, usually about 
3 years, to appear. Thirteen of 14 cases of “simple” 
infections are alive and well after conversion to 
thoracoplasty, whereas in eight cases complicated by 
bronchial fistula there are three deaths and three sur- 
vivors who are well and with a negative sputum. 

Survey of the results of resection treatment in 
525 cases from pulmonary tuberculosis with a follow- 
up period of 2 to 6 years: 88.8% proved to be cured 
and were to be regarded as fit for work: 5.6% were 
still under treatment; and 5.6% had died. The number 
of relapses observed (7.4%) is subjected to a more de- 
tailed analysis. The conclusion is reached that the 
relapse rate has decreased since the introduction of 
pulmonary resection therapy. The change of the de- 
velopment of relapses after pulmonary resections is 
increased by resection of cavitational processes, by 
resection in an active stage, and by resection in pa- 
tients who have shown low resistance against tubercu- 
losis. No clear influence on the development of re- 
lapses was proved for all other factors investigated, 
(Hekking). 

There is reason to believe that the recent pre- 
cipitous downward trend in the mortality of tubercu- 
losis will slacken in the years ahead and that the in- 
cidence of new cases will continue to be significant as 
long as the large community reservoir of tuberculosis 
of uncertain activity is fed from so many sources. 

Tuberculosis, having become an affliction of 
older people, should witness a fall in incidence at the 
members of the older generation pass on with their 
disease. The present younger generation, with a low 
infection rate, will in time take its place with less 
open disease more adequately treated and probably 
with good chemoprophylactic control of their infection. 
But this is a slow process, in which Darwinian sur- 
vival and elimination will still play their part in 
treatment and prevention. 

The tuberculin test will become increasingly 
important as the infection rate of tuberculosis de- 
creases. 

When the older age groups contain an increas- 
ing number of nonreactors, the tuberculin test will 
gain increasing usefulness in both case finding and 
the differential diagnosis of pulmonary lesions. 

Chemotherapy of the tuberculin converter to 
positive will become more widely used in infants 
under three years and in adolescents over fourteen 
years of age. 

Isoniazid will be applied more widely as a pre- 
ventive in the groups past forty years of age with 
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known old lesions of uncertain and potential activity. 
Chemotherapy will be used for longer periods, per- 
haps indefinitely in those who have completed stand- 
ard initial regimens but who end with open cavities 
unsuitable for surgery or with characteristics of in- 
stability in their lesion. 

Better drugs may be found in the future. But 
isoniazid will undoubtedly be found efficient in con- 
trolling bacilli that break loose from dense cellular 
structures or from the heart of caseous lesions. 

Sanatoriums, though fewer in number, will con- 
tinue for the care of the long-term cases of tubercu- 
losis. It seems inevitable and proper that initial 
care of acute tuberculosis will move more and more 
into the general hospitals. 

Tomorrow, the tuberculosis sanatoriums may 
take on community leadership in the treatment and 
control of tuberculosis. 

The x-ray will continue to be the most impor- 
tant tool in chest diagnosis in spite of radiation 
hysterias. Manufacturers will produce safer x-ray 
machines and better protective devices but only if 
radiologists can be persuaded to use them and pa- 
tients can be urged to request them. 


LOBECTOMY.* In recent years actual surgi- 
cal removal of an entire disease-infected lobe has 
been practiced where conditions warrant. The de- 
velopment of atelectasis in a lobe of a patient under 
pneumothorax therapy is viewed with grave alarm by 
some clinicians (since it favors rapid spread of the 
disease), so much so that they feel that it is better 
to run the risk of lobectomy than to retain the dis- 
eased atelectatic lobe. 

Investigation of 40 patients post operatively 
determined that there is little if any advantage func- 
tionally, in leaving two small segments of the upper 
lobe, it is better to remove these as well to reduce 
postoperative complication (Bjork and Carlens). 

Sharma, et al. report 2 cases of herniation of 
the heart after left intrapericardial pneumonectomy. 
Among the complications of this condition are car- 
diac arrhythmias. There are variations in the car- 
diac outline resembling that seen following cardiac 
infarct. Methods of prevention and treatment have 
been discussed. 


ASPIRATION OF CAVITIES. Direct aspiration 
of cavities through the chest wall and lung, for pur- 
poses of relief of tension produced by partial ob- 
struction, and for medication, has not met with any 
great degree of success. Lobectomy in the hands of 
lung surgeons is so successfully carried out, it is 
greatly to be preferred if this procedure is neces- 


sary. 


ANTIBIOTIC AND OTHER MEDICATION. Chief 
of the antibiotics to find favor in the treatment of tu- 
berculosis was streptomycin. There can be no doubt 
of its efficacy in this field; the hopes at first enter- 
tained, however, that it would eliminate the disease 
have been dispelled and this type of therapy has as- 
sumed a more conservative form, utilizing various 
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forms of the drug in an effort to find one which will 
be safe and at the same time beneficial. 

At the same time it is necessary to urge precau- 
tion in the use of certain agents, even though used 
for the treatment of other diseases, in the presence 
of pulmonary tuberculosis. Numerous reports have 
been made of the rapid progression of pulmonary 
lesions in patients suffering from tuberculosis where 
A.C.T.H. or Cortisone was given for the treatment of 
arthritis. This is what would be suspected since the 
action of these agents is to inhibit bodily reaction and 
fibrous tissue development (King, et al.; Popp, et al.). 


Surveys in Tuberculosis Prevention 


In the discussion following a symposium on 
“Chest Surveys” Henry Garland (San Francisco) 
stressed the fact that according to the U. S. Statistics 
the tuberculosis death rate has showed a continuous 
decline since 1900, without any demonstrable varia- 
tion in the rate of decline since 1933 when miniature 
chest survey was initiated. An adjusted death rate 
for tuberculosis from the statistics of the Metropoli- 
tan Life Insurance Co. corroborated these findings. 


“In 100,000 adults that you x-ray today you will 
pick up about 50 new cases of active pulmonary 
tuberculosis. You will also detect about 8 unsus- 
pected primary bronchogenic cancers and 57 cases 
of heart disease. Enlarged or arteriosclerotic 
hearts, for which little can be done make up a 
large proportion of the latter group. It seems to 
me that we should bear in mind the low potential 
yield in most routine admission survey programs.” 


George Jacobson (Los Angeles) in further dis- 
cussion concluded: 


“1) Mass survey with it has served a purpose 
but it is an uneconomical tuberculosis case-finding 
method and it is doubtful that future community- 
wide surveys should be conducted. 2) The admis- 
sion chest x-ray program, particularly in large 
general hospitals is the most efficient tuberculosis 
case-finding method which is available today. 

“One other feature of this is the prevention of 
tuberculosis among hospital personnel. Prior to 
1951 we averaged approximately 15 cases of tuber- 
culosis among our interns, residents and nurses. 
Since 1951 we haven’t had a single case. The cost 
per examination, as closely as we can estimate it 
has been seventy-six cents per film.” 


MYCOTIC INFECTIONS 


There are over 100,000 species of fungi; with 
few exceptions they are not pathognomonic for man. 
Fungi are commonly encountered on bread or grain, 
cheese and other organic materials. 

The types which have been found causing pul- 
monary infection are: actinomycosis, blastomycosis, 
coccidioidomycosis, moniliasis, aspergillosis, cryp- 
tococcosis (torula) and histoplasmosis. 

Fungus infections of the lung are relatively 
rare. In their acute form they resemble any other 
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type of acute infection and cannot be differentiated 
except by finding the specific organism in the sputum. 
‘When such infection becomes chronic it may resem- 
ble tuberculosis very closely, both clinically and 
roentgenographically. Being granulomas they react 
in lung tissue like the granuloma of tuberculosis. 


Actinomycosis and blastomycosis in their acute 
form resemble other types of respiratory infection. 
In their chronic forms their lesions may be indistin- 
guishable from tuberculosis. Even miliary lesions 
may occur. There is a tendency to produce subcuta- 
neous abscesses. The diagnosis can only be made 
with certainty by finding the organism. A special 
strain of actinomyces found in French West Indies, 
named Nocardosis, after its discoverer presenting 
much the same picture as our type of actinomycosis 
infection is described by Gundersen and Nice. Fora 
recent reviewof roentgen pulmonary findings, see 
Hawley and Felson. 

Actinomycosis has been a very serious disease 
in the past, various authors have quoted the mortali- 
ty rate from 75% to 100%. Since 1940 this has im- 
proved to the point that the cure rate is about 90% 
provided antibiotic treatment is given in sufficient 
quantity. Penicillin has proved a most powerful drug, 
either combined with sulphonamides or with surgery. 

Roentgenologically pulmonary actinomycosis 
usually presents itself as massive confluent nodules 
of infection, occurring at any location in the lung 
with a tendency to formation of cutaneous fistulous 
tracts to the outside. These may be multiple and ex- 
tensive. 

Actinomycosis and blastomycosis in their 
acute form resemble other types of pulmonary infec- 
tion. In their chronic forms their lesions may be 
indistinguishable from tuberculosis; even miliary 
lesions may occur in both forms. Especially in 
actinomycosis, there is a tendency to skin involve- 
ment with fistulous tracts as in the “lumpy jaw” of 
cattle. Boswell points out that North American 
blastomycosis likewise may exist in two forms, 
cutaneous and systemic. The cutaneous form pre- 
sents subacute, or chronic suppuration of the skin 
and subcutaneous tissues, and, as we have seen may 
frequently be associated with bone infection (see 
p- 115 and 116). The systemic form shows in addi- 
tion extensive, chronic lung involvement with infil- 
tration and, at times, large blotchy areas of consoli- 
dation in the lung. 

The systemic form begins insidiously with 
symptoms suggesting ordinary respiratory infection, 
with cough, chest pain and fever. As the disease 
progresses, more symptoms develop such as 
hemoptysis and sweats. 

The diagnosis can be made with certainty by 
finding the organism actinomy cols. A special 
strain found in French West Indies has been named 
Nocardosis after its discoverer, is described by 
Gundersen and Nice. 

The roentgen findings in lung involvement are 
extremely variable; there may be large blotchy 
areas of consolidation, isolated granulomatous 
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nodules or even miliary dissemination. Boswell has 
reported 5 cases with widespread pulmonary as well 
as bone involvement in which “the lesions became 
stable or resolved under stilbamidine.” 


PRIMARY COCCIDIOIDOMYCOSIS. Infection 
occurs by inhalation of dusty soil containing the 
spores of the fungus in its vegetative phase. Trans- 
mission does not occur from person to person. The 
infection is prevalent in the San Joaquin Valley in 
California; by now it is found in many southwestern 
states, especially Arizona and Texas. Only two to 
five percent of the cases show associated skin erup- 
tion or bone involvement. 

During the acute stage there are symptoms of a 
respiratory infection with fever. This lasts for 3 or 
4 days and then subsides but the lung lesions persist. 
Areas of infiltration and consolidation may be pres- 
ent and cavities may develop. Annular ringlike shad- 
ows have been reported. Acute dissemination may 
occur throughout the lungs (Huntel, et al.). 

The pulmonary findings may clear up in 2 weeks 
or it may become chronic and last for many years. 
There may be an associated adenopathy; this is al- 
most always present in fatal cases. Patients with 
mediastinal involvement are usually very sick. Some 
lesions calcify. In its chronic stage it closely re- 
sembles tuberculosis (Jamison and Carter). 

Roentgenographically enlarged nodular hilum 
shadows are almost always encountered with or with- 
out lobular or sublobular areas of infiltration in the 
periphery of the lung and increased peribronchial 
markings radiating from the hilum to these areas. 
Cavities are rare. Healing is slow, requiring 2 to 4 
months. 

In its acute form it is mistaken for influenza or 
other forms of atypical pneumonia, and in its chronic 
form the roentgen findings may resemble tuberculo- 
sis, lymphomatous deposits, sacroidosis or fungus 
infection. The final diagnosis depends greatly upon 
the geographical location in which the patient lives, 
the complement fixation test, and identification of the 
organism (Rakofsky and Knickerbocker). 

Persistence of residual pulmonary lesions of 
various forms has been observed in war veterans, 
showing little, if any, change over two to five years 
(Bass, et al.). 


MONILIASIS. Monilia infections also resemble 
acute inflammatory processes similar to pyogenic 
bacterial infection. The diagnosis can only be made 
by finding the organism in the pus or sputum. It 
seems to thrive on carcinomatous tissue and is there- 
fore often encountered in association with carcinom- 
atous growths. 


ASPERGILLOSIS (Fig. 172). Aspergillus infec- 
tion produces a somewhat different picture. In its 
most common form there are countless numbers of 
small soft rounded infiltrations uniformly scattered 
throughout both lung fields. It does not resemble 
disseminated infiltrative tuberculosis since the lesions 
are so widespread and uniform in distribution and 
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It is believed that there may be a milder, more 
chronic form which ultimately results in recovery 
with calcification of the lesions. 

Serviansky and Schwarz, skin testing large 
groups of patients having such multiple calcifications, 
feel that they can differentiate those due to histo- 
plasma from those of tuberculous origin. 

In recent years an attempt has been made to 
connect histoplasma infection with patients showing 
multiple small calcified areas in the lung, because 
of the fact that individuals having such findings have 
a positive skin reaction with histoplasma antigen, and 
often are negative to tuberculin test, Serviansky and 
Schwarz, skin testing large groups of patients having 
such multiple calcifications, feel that they can differ- 
entiate those due to histoplasmosis from those of tu- 
berculous origin. 

Many instances of soft nodular infiltrations 
widely disseminated throughout the lung fields have 
been encountered in patients showing little if any 
symptoms of infection. While many of these are rec- 
ognized as mycotic infection, the specific organism 
often cannot be identified even by most careful cul- 
tural methods. A report of the United States Public 
Health Service (Bunnell and Furcolow) indicates that 
mycotic organisms may be recovered for culture 
from stomach washings ina similar manner to that 
used for recovering tubercle bacilli. Utilizing this 
method, they were able to recover histoplasma cap- 
sulatum ina patient having soft nodular lesions wide- 
ly disseminated throughout the lungs. The patient 
has been under observation for 3 years and has never 
had acute symptoms; “the lung lesions appear to be 
calcifying.” 

Since then other apparently authentic cases 
have been reported which would indicate a benign 
form of the disease which ultimately heals with cal- 
cification, thus bearing out the possibility that mul- 
tiple calcifications throughout the lungs may indeed 
be due to healed histoplasmosis. It is probable, 
therefore, that a large percentage of such patients 
may not have been suffering from tuberculosis infec- 


tion at all. 
Babbitt and Waisbren have recently described 


19 cases of acute epidemic respiratory infection 
which gave serological indication of histoplasma in- 
fection, all of which followed extensive exposure to 
fresh soil just prior to pulmonary infection and were 
strongly suggestive of histoplasma. 

Roentgen findings were similar, with acute 
adenopathy of hilar glands, and relatively small 
amounts of parenchymal involvement. All went on to 
uneventful recovery with calcification of lesions or 
the other demonstrable sequela. 

Greenspan and Fineberg have reported a case 
of miliary infiltrations throughout the lungs from 
salmonella bacterium with associated spinal involve- 
ment. There was partial clearing after three months. 

Asa result of skin testing individuals having 
large numbers of calcium deposits in the spleen with 
histoplasmin and tuberculin, Serviansky and Schwarz 
have found a positive histoplasmin and negative tu- 
berculin reaction. 
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Jacobson and Zuckerman have found less dense 
but definite splenic deposits in sickle cell anemia. 

Felson has published some unusual examples 
where fibrosis and cavitation have been conspicuous 
lesions in histoplasmosis. 

There is a recent report of a negro boy, aged 
twelve, who had a febrile reaction, with a roentgeno- 
gram of the chest which showed a large infiltrative 
lesion in the left lung. It required four months for 
resolution of the lesion and clearing of the roentgeno- 
gram. Tuberculosis and histoplasma were positive; 
other fungi negative. Complement fixation for histo- 
plasma was positive in the yeast phase (Kunstadter, 
etal.). “In this patient the precursor phase of pul- 
monary calcification due to histoplasmosis was es- 
tablished for the first time. It was possible to demon- 
strate the progress of the primary phase of histo- 
plasmosis from onset of the first symptoms through 
the stage of pulmonary infiltration, to final clearing 
of the lesion and beginning calcification. There was 
roentgen evidence that consolidation occurred eighty - 
five to ninety days or more before the histoplasma 
test became positive.” 

A recent report of two cases of acute dissemi- 
nated histoplasmosis has been made by Joseph H. 
Allen in which the organisms were found by biopsy 
of the bone or at autopsy. 

Roentgenographically there were, “wide spread 
external cortical thickening in both cases, with mul- 
tiple small destructive foci in one.” 

Chronic cavities removed surgically have been 
found to harbor histoplasma in their walls (Hodgson, 
et al.). We have encountered similar cases but the 
question arises were they the original causative 
agent? 

In cases of massive silica inhalation, the lym- 
phatics may become so loaded that this material fills 
the lymph nodes of the chest and flows over by way 
of the thoracic duct into the abdominal lymphatics 
where it is deposited in the lymph glands. Here it is 
deposited at the periphery as an “egg-shell” deposit. 


PULMONARY ALVEOLAR MICROLITHIASIS. 
In this condition millions of minute sand-like granu- 
les of calcific density are spread uniformly through- 
out the lung. They pack the alveoli even obscuring 
the heart shadow except on somewhat over exposed 
films. 

Meyer et al. have called attention to an unusual 
form of Pulmonary Microlithiasis. Microlithiasis 
(first described in 1933 by Pbhr) has again been en- 
countered and described by Meyer etal. In this con- 
dition diffuse, fine granular pattern of nodulation 
throughout the lungs appears, the greater density 
being toward the bases. The condition is quite 
chronic, afebrile, without leukocytosis or other blood 
change. 

On biopsy the lungs are large and heavy and 
feel grandular like a sack of sand; the plena is 
thickened and feels gritty to the touch. 

The etiology of the condition is obscure but the 
condition may resemble finer tuberculosis nodule, 
chronic granulomatous lesions caused by mycotic 
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infection, etc. 

The condition is asymptomatic for years but 
ultimately leads to death. Microscopically the cal- 
cific deposits are within the alveoli with little if any 
other involvement or inflammatory cell reaction 
other than fibrosis. Meyer, et al. has called atten- 
tion to unusual cases of this condition. Microscopic 
concretions seen within the alveolar structures 
showing in the roentgenogram give a similar appear- 
ance to miliary calcifications widespread throughout 
the lungs, (Petranyi and Zsebok). The exact cause 
is not known, but it is thought to be due to some 
episode of pneumonia or such infection which oc- 
curred in childhood. 

Thomson points out that pulmonary alveolar 
microlithiasis is a rare condition in which intra- 
alveolar, calcified, laminated concretions occur 
throughout the lungs in the absence of any known 
disturbances of calcium metabolism. This type of 
extensive calcification within the lungs was first 
described by Harbitz (1918). The name, “mikro- 
lithiasis alveolaris pulmonum” was suggested first 
by Puhr (1933). 

Sosman, Dodd, Jones and Pilmore (1957) re- 
cently reviewed the literature on 22 previously re- 
ported cases (20 proved, 2 probable) and have de- 
scribed 23 new ones emphysizing the familial oc- 
currence of the condition. Since then many further 
cases have been described. 

Greenberg has recorded a typical case report 
of microlithiasis alveolaris pulmonum with roent- 
genograms showing meriads of minute calcific de- 
posits in the lungs clustering about the hilar regions 
and radiating out into the lungs especially about the 
bases. Pathological specimens have shown their 
picture to be due to thousands of microscopic opaque 
nodules practically filling the alveoli. 

Gomez, et al. have reported 4 cases of fami- 
lial pulmonar alveolar microlithiasis,the first cases 
to be discovered in Colombia, S.A. One of the pa- 
tients died and an autopsy was performed. The pa- 
tients were four sisters in a family of seven chil- 
dren, (two boys and five girls). 

The results of roentgen and clinical studies, 
the course of the disease, and the anatomicopatho- 
logic studies are in accord with reports in the 
literature. 

Attention is directed to the frequent presence 
of a pleural thickening over the minor interlobar 
fissure, and to the absence of cough, so long as cor 
pulmonale does not supervene. 

In the final stages of the disease, the roentgen 
image is that of cor pulmonale. During the very 
long period of development, the electrocardiographic 
tracings do not show deminite myocardial damage in 
the ventricular conplexes, except for a highly ques- 
tionable blockage of the bundle of His. By contrast, 
in the auricular complex, relatively high accuminate 
P waves were observed in D II and in D II, at least 
in the electrocardiograms of two of the patients. 
The electrocardiograms of all the patients, with the 
exception of the bone who had cor pulmonale, showed 
the AQRS nearer to 0° than to 90°. 


PRINCIPLES OF ROENTGEN INTERPRETATION 


The earliest manifestations of the disease are 
dyspnea and cyanosis which, however, are not pro- 
portionate to the severity of the lesions as demon- 
strated roentgenologically. In some cases these 
symptoms appear relatively early, whereas in chers 
they may be almost nonexistent even though the le- 
sions are far advanced. 

The possibility that microlithiasis may not be 
exclusively familial but that environmental and die- 
tetic factors may play a role in its onset, in persons 
previously predisposed, is suggested. 

So characteristic is the roentgen appearance 
that the roentgenologist who has once seen a chest 
film of one of these patients and who keeps in mind 
the paucity of symptoms, can make the diagnosis of 
microlithiasis with certainty, without waiting for 
histologic confirmation. 


MAPLE BARK SPORES. Certain spores of 
maple bark when inhaled in large quantities produce 
a peculiar infiltration in the bases of both lungs 
which usually clears up spontaneously on removal 
from the source of infection. 


BAGASSE DISEASE. This is a condition caused 
by inhalation of small fragments of sugar cane stalk. 
After about 2 months exposure an acute pneumonic 
process develops which may cause death. 

It causes roentgen evidence of acute lobular 
pneumonia with areas of edema and congestion 
throughout the lungs and is attendant at the outstart 
by fever, dyspnea and prostration. In a few days or 
weeks the symptoms subside. If the sugar cane is 
previously treated with heat it does not cause irri- 
tating reaction in the lungs (LeMone, et al.). 

Greenspan and Fineberg have reported a case 
of miliary infiltrations throughout the lungs from 
Salmonella Bacteremia with associated spinal in- 
volvement, There was partial clearing after three 
months, 


PNEUMOCONIOSIS 


The continuous inhalation of certain types of dust 
particles over long periods may result in peribron- 
chial fibrosis, resulting in great disability, and even 
death, The picture is entirely different from that 
produced by inhalation of irritating chemical ma- 
terials (see Bronchial Irritation). 


SILICOSIS (Fig. 173), The special commissions of 
many governments and the efforts of individual phy- 
sicians have combined to throw considerable light on 
this unusual malady, (Pancoast and Pendergrass; 
Pendergrass and Robert). These researches have 
indicated rather clearly that the offending substance 
in dust which causes it to become harmful is silica 
and that any dust is harmful in direct proportion to 
the silica which it contains, Organic dust causes ir- 
ritation; chemical dust may cause toxicity but neither 
causes the same degree of fibrosis and lasting 
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10 microns or less-in size, are hartiful since these. 
are the only ones which can be breathed well doy a 
into the alveolar structure: larger particles. are re- . 
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motion, mucous ‘secretion; and expectoration, Once 
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| te cells become autolyzed. and disintegrate bat the 
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the thoracic. duct into the abacus. Symphatica whers s 
ft is deposited in the Agmph glands. Herethia de- 


posited atthe periphery as an. *epe-whell® deposit. — 


Small rounded sodules or wharla of collagen: dee 2 
3 velop along the lymphatic channels, Strangely enough, |. 
when examined microscopically, these whorls of col- | 
lagen show « mininnum deposit of silica on dark field | 
ite iiuntination (Cole), When this occurs tt gives: rise io 3 





ippearaace of heading along the lung maridngs 
ghoul the lungs. As the disease progresses, 


ie this headed appearance gives: place to large blotchy 
areas of fibrosis or collagen dep: 
~ fungs, ‘These large collagen deposits are frequently. 
‘in the apices of the lower lobes, They often are bi- 
lateral giving the appearance In the anterior roent-. - 
enogram of r of “angel wings.” At ua s eof | 
“ =v ee me “ | adfigsigns; occasionally smal) collections at Omir 
effasion.- Cavity formation without associated tubers a Y 
 Culesis ia so rare that from 6 practical standpoint: | 
focany: evidence of lung destruction teat be taker as - 
- <1) indication of tuberculous disease. A few quebincue 
io - have been reported of cavity formation without tu- — oS Sve 
‘Merculosis.. There are evident differences in the 
opentgen picture in patients in whom tuberculosis - 
4 develops in- association with silicosis and in those 
~fnowhich silleests Aevelope on x Sr erioue, tuberculous. 
_tatection, ae 
“Son ihercalnae: Pubmnrayy. Cavitation, re Anthra~ at 
ks mies coatlicosis. it pe 
{3 Bignifies its. tuberculous. origin: in a small percentage es 
& pk cases, ‘stil they: may. occur without reference. to. 
coexisting tuberculosis. . 


its throughout the — 





the disease diaphragmatic adhesions: and pleural © 


‘thickening ure Ukely to occur and tuberculous infec~ 
‘tion of the lung usually supervenes, involving, not es 


apices 43 in ordinary tuberculosis, Put SECEEEIOE 
within the area of fibrosis. = 
The condition does not always’ pass through these 
definite stages but may manifest itself at once ag 
large massive. areas vt. fibrosis: OF collagenous | te 
posit. - aur 
Not ait individuals exposed to hearaous ‘ust Ste 


halation rontract the disease. Ordinarily Sto 1 years 


are required tg develop the disease; rarely des it. 
devejop under two years of heavy dust exposure.al- 
though: some CANES of acute silicosis have heen fen 
corded. 

“Silica is ‘goisble toa certain exteit in ‘alkali: he, 


nnkeniitty rate. determines. the  Papldity ot pathological Sues 


partic as ‘of asics, | 


: aggeration of linfar mar 


me S 5 ~ changes which ‘seven For thie reason the salatuee: er 

| of alkali with silica in certain ‘types of abrasive soaps. 

So) aeeentuates its harmful effect. Under these shail. 3 

| tons silicosis may davelop within. Aé woonths, This” 

| also explains the continuous development of ‘the die= 

ES SNe ES ease after removal from exposure. RS 

ee ae a _ Apparently the smaller the particies, ‘the more sen: ee 

SOTO EU “yere the symptoms; in industries in which there is fu- 

ee ee ‘gion of. quarts. OF: silica, very severe. symptoms apo PR eS 
Poo oe peer very quickly and the: disease is move apt to be - 

i : ‘tatal. On rare “orcasions there: may. be aeaociated a 

“pneumothorax (haver). ns 


“Disability in ailieotica is hie to. ‘tbe inadameate: 


hanes aa oxygeu supply resulting from the thickening and rigid- ren | 
0)" dt ot the alveolar walis- due to cotlaren slepogits — Le le a 
| (Cole), and associated emphysematous | chanye 
| ilery engorgement and adema of the: air sacs and 
|. terminal bronchioles result causing: Ate Piva 
eat ation Of the blood, The degree of. disability: gannet be 
|’ estimated trom the: roentgen appearance, but is BOSE | 
| reliably determined by Feaninatory. function teats 
|) (Hammon). et 
Gs in recent years many efforts have been made ts ae : = 
weeds leviate the harmful effects of silica. The inhthitory 
scy- | effects of inhalation of aluminum dust and aluminum ° 
| hydrate epon tha action of silfea has been déemon- 9 ha 2 
Silica acts in Some manner asa preservative. and the hee _| states oy animal experiments (Denny, et al) (Gard- 


“In cases of massive silica inhalation, the yen fel ‘control of the disease are evident. 


phatics: ray t ‘become 5 loaded that this material fills ae 


5 ‘that there is a parallel degree of aisabllity, has been 
he Aeveloped. 





ate aer- ; 





“The possibilities of such methods toy es 


 Roente enologically, *_ useful classification oe 
the appearance af the. sillcotic Process, which does. 





“In first deasees nillecate, the podulea ane ‘parely. 
‘visible and are ee preservation or eke ORES 





In second degres. silicosis, the nodules are 2 te 3/ 2 


a wim, in Stameter and Jargely obacure the Mneat 
aes a markings, 2 


In third degree silicosis, “the: nodules. are arene: AOR 





i ‘than 3mm, in diameter and | there may be multiple, 
| scattered, small areas of eoaledcente * e.; (Pender ie . oe 
to grass and Rober?) — Bice 


In the chronic stages there ts coalescence and 


ies development. of targe blotchy areas of fibrosis: ~ 


thipupgiwit the lung; diaphragmatic restriction anid 


avity formation in| 
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PRINCIPLES OF ROENTGENINTER PRETATION 





an investigation to determine the true frequency of 
this occurrence and find that of 1200 cases of anthra- 
cosilicosis (silicosis) investigated, 2% had cavities 
and of these only 1% were of tuberculous origin. 
Even though every effort was made to detect tubercle 
bacilli in these, it might be possible that a slight 
number might have been missed thus reducing the 
percentage even farther. It would seem safe to 
‘speculate then that formation of a cavity bespeaks 
coexistant tuberculosis until proved otherwise. Oc- 
casionally spontaneous pneumothorax was noted. 

Any complication such as tuberculosis, emphy- 
sema, spontaneous pneumothorax, or cardiac en- 
largement gives a very unfavorable prognosis. 

Once silicosis has become established it does not 
resolve but may become progressively worse even 
for atime after the individual is taken away from the 
sources of dust inhalation. Cases have been recorded 
in which, even after years away from harmful dust, 
fibrosis from exposure of previous years had de- 
veloped into extreme disability. In the nodular stage |! 
it must be differentiated from sacroid, erythema 
nodosum, various forms of mycotic infection, leu- 
kemia and the lung lesions seen in tuberous sclero- 
sis, 


ASBESTOSIS. Certain silicates also produce 
similar changes in the lungs. Most prominent among 
these is asbestos. The individual lesions are softer 
in appearance; otherwise there is no distinctive dif- 
ference between this and other types of silica in- 
volvement. The asbestos fibers can be detected mi- 
croscopically in the lung so that the disease differs 
from that of silicosis. 


ANTHRACOSIS. Anthracosis occurs from in- 
halation of coal dust over a long period of time. 
Hard coal is most injurious but even this usually re- 
quires twenty years or more exposure. The harmful 
effect is from the silica inhaled and not from the car- 
bon; the greater the silica content the more likely the 
dust is to be harmful. 


TREMOLITE TALC. This is also a silicate 
mineral (calcium magnesium silicate changes to talc) 
which produces fibrotic changes in the lung after pro- 
longed inhalation (ten years or more) of fine particles 

Clinically symptoms are more pronounced than 
in asbestos workers or silicosis patients: a) limited 
chest expansion, b) fatigue, c) curving or clubbing of 
nails and d) cardiac hypertrophy. 

They seem distinctly sicker than silicosis pa- 
tients. 

Roentgenologically there is fine diffuse mot- 
tling of lung field similar to the appearance in as- 
bestosis. Soft conglomerate fibrosis may occur 
causing emphysema and pleuritis. Like other forms 
of silica inhalation it predisposes to tuberculosis. 

One unusual feature is “talc plaques.” These 
are simply aggregations of actual talc dust which has 
remained in the periphery of the lung unable to be 
disposed of in any manner. These deposits are seen 
on the visceral pleura including the region of the dia- 


phragm and occasionally the pericardium. They vary 
in size from single linear deposits a few centi- 
meters long near the diaphragm to massive deposits 
of bizarre shapes extending over large parts of the 
pleural surface (Siegal, et al.). 


CALCICOSIS. Calcicosis also is due in reality 
to the silica content of the dust not to the calcium 
salts; calcium being a natural constituent of the body 
causes little, if any, disturbance. 


SIDEROSIS (ARC-WELDER'S LUNG). Siderosis 
or fibrosis from inhalation of iron particles from 
grinding has never been definitely established as a 
definite entity. 

In recent years, however, it has been demon- 
strated (Groh) that the lungs of arc-welders present 
a uniform mottled appearance indistinguishable from 
silicosis due to inhalation of fine iron particles (hema- 
tite, Fe,O,). These do not excite fibrosis, however, 
and do not result in lasting disability (Sander). Mi- 
croscopically they merely represent aggregates of 
iron oxide in the lymphatics of the lung. 


BERYLLIUM PNEUMONITIS (Pascucci). The 
inhalation of fine particles of dust containing beryl- 
lium (used in the manufacture of fluorescent electric 
lamps and beryllium copper alloys) results in a de- 
layed chemical pneumonitis. It produces an intense 
irritative reaction on the mucous membranes of the 
nose, throat, and respiratory system, extending well 
down into the finer lung structures. This requires 
an average exposure of 16 months. 

Clinically there is dyspnoea, cough, fatigue, las- 
situde, and loss of weight. Anorexia and cyanosis de- 
velop and there is a low-grade fever. All have poly- 
cythemic blood counts. 

Pathological examination shows that the “pre- 
dominant finding is a granulomatous reaction infiltrat- 
ing or completely obliterating the interstitial tissue.” 
The granulomata consist of conglomerate masses and, 
in some cases, of foci of dense hyaline material and 
cellular infiltration of lymphocytes, plasma cells, and 
macrophages. Many multinucleated giant cells, with 
or without inclusion bodies, may be present. Mediasti- 
nal nodes in some cases may be infiltrated by a simi- 
lar granulomatous process. 

Roentgenographically, there is in the acute form 
widespread, diffuse involvement of both lungs, most 
intense in the mid-portion; radiating outward into both 
lungs from the hilum regions; the apices and costo- 
phrenic sinuses remaining free. There are two types 
of lesions, fine granulations and nodular infiltrations, 
depending upon the size. In the granular type the in- 
filtrations may be so small and diffuse as to present a 
stippled “sand paper” appearance and there may be an 
associated reticular pattern. In the nodular type 
(which may well be a later development due to coales- 
cence of the finer lesions) the lesions may be 4 to 5 
mm. in size; they are more discrete and less numer- 
ous. 

Sufficient time has not elapsed to warrant con- 
clusions as to prognosis. The lesions may be slowly 
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be born by section or of diabetic 1 : 

never found in: stilt ‘born infants. ‘Almost immediate- = 

 lebreathing may become labored with sternal and =f . 

. egastal retraction... tt. may progress rapidly: to death, es 

. At actopsy the lungs appear dark red to purple from na 

os excessive engorgement with few or no gross air- | Ge 
filled spaces. Mictoseopically the capillaries are 

ea engorged and the alveoli and alveolar ducts: may be 

= tellapsed.. -The few remaining air spaces are lined: 

Se AY hyaline-like material,® (Feinberg: and Gald-_ 

S berg). e ae 

“Roentgenologically the ‘Tong fields have a ‘granular 


the aolid: appearance of completely stelectatic tongs. 


The chest is cone-shaped because expansion has - 


never taken place; there is no deviation of the trachea | 
or other mediastinal structures to either side he-~ 
cause there is no variation in SremeTe mete the ce 
LBee ee = -igng volume. ae 
| feasted in retraction of the trachea, heart, and other ~ 
— | mediastinal etructures toward the involved side, 
o - pulling up of the diaphragm and ving 

se | Interspaces of the ribs on the: involved ‘side: “This: 2. 
-| pieture could hardly be confused with massive pnew-" 
-{ monia of an entire lung'since pneumonia does not 

aes any change in volume of the bung and. eonse- 
Aenlly: these phenomena do not appear: 


chest cavity: on. either side. 


BYALINE MEMBRANE DISEASE, A FORM ‘OF. 
ATELECTASIS, “Little ts known. definitely about. the 
basic cause of this disease, The condition ls seen 
most. frequently fn bres a ire or prot tated infants — 


“Syl ts 
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2 zs pattern throughout which may progress to a dense © 


ee ee RUPERT ANGRY, from various degrees ef 
AE : ERE SS STE | 


| either: side, the entire lung becomes atelectatic io 
2 ES IN BA). In it atelectatic state the lung Pecenee jo 
quite as dense as consolidation from pneumonia or 
-. tamor, This pronounced: inetesse: in density is due. 
to engorgement of the vascular structure due to the 
-. pull-on the vessel walls from collapse of the: ‘alr fe 
—— =cells. The collapsed hing, being devoid of air: con SISSIES, 
= tent, is smaller in’ volume than ‘the normal air= eee 


Bronchial. occlusion is the most frequent cause of 3 


atelectas: is. a 

Vit complete obstruction oft a ‘bronchas | occurs ‘from 
any taege, so that no ain can enter or leave the ob- 
“structed partion of the lung, then the entrapped air 
remaining ia absorbed by the: circulating blood and 


the. involved: portion at the inag becomes atelectatic. 
Uf the aeclusion-is in the main stem bronchus: on 





Fig: 175A.- Massive-stelectasis, entire lang 


- 5, -Blevation of the diaphragm. HER OE 
ae “The picture resembles that of Diffuse ¢ ¢ eon mi ie ix in 
| stitial pneumonia except that in this instance no 2 
we BESS SSSI s | Bronchiectatic cavities are produced since there is 

a | me sear -tissue traction on the beonchial walls, See 
“COMPLETE OBSTRUCTIVE ATELECTASIS* * 






mr Ss ractores: resume their covey ‘midline position; 
fo  «=—(“‘is*s*dt atten the apex beat of the heart may be followed = 
ii: | “aeross the chest from its abnormal to its normal pon fs 
m -- | sition during the process of reinflation. The affect-. 
oe fed pide of: the cheat again becomes as wide as ifs 5 
Sas > fellow of the opposite side, and all cHnical symptoms... 
San eee as val dyapnea, rapid poles, and fever pies eH! 
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‘| containing nae tisofay as s there is no  umnpelated 
+ pheumothorax and the surface of the Jong vemaing 


closely applied to the: chest. wall, wis obyious that 


| the side of the chest invotved ‘must become. Lower - SS : 
from the suction effect praduced by the shrinking 


This suction effect ts also mani-- ne a = 


of the — 





Roenigenologicaliy, ‘then the signs of massive . 


5 atelectasis at an entire Aung. from wliatever: cause, 


a % denae bomogeneous shadow over one entire 
) Tangs Eee 


e 2 2. Narrowing of the affected side of the chest; 
| -$. Contraction of the intercostal spaces: | 
ais a 4, Retraction of the trachea, heart, ‘and other: 


: mediastinal structures toward the Anvolved sie : 








"MASSIVE (ATELECTATIC) COLLAPSE OF ‘Lunes : - 


18 (Rig. 175A). Another condition in which spontaneous. 

atelectasis of an entire lung occurs under rather Se Ss 
| peculiar circumstances is: known ag Massive (Ate~. Senteagiten 
- | iectatic) Collapse of the: lung. This has been delined, Fite 
| (Bradford) as *a condition in which the lung, pres 
| viously well aerated, Sudden nh 

-} Such as pleural effusion or. ‘bronchial occlusion, © 
“| loses its alr content and galiapses,” 





Tkis ‘encom * 
tered most frequently at the present time BS a ‘post. 


au | operative complication, although it occurs not un- 
a -fommonly after severe injury to the pelvis, abdo- —— 
j poe of or chest. dt Seems to be eres of the 


ae ho pathologie indie to. eipiain the ¢ cause at the ese at 
| condition. Atelectasis follows plugging of the bron-- = oe 
i | hus dy mucus, either’ a small tnapissated plug of = 
| thick tenacious secretion or large amounts of watery, a So 
|} mpicus {drowned jung”), The mystery which SRO Se 
| surxounds the condition ist just what happens to 


ra ey 


 \Cabplish the cough reflex and allow mucus to accumm- g oe 

i 4d tate ina bronchus in sufficient quantity to produce. Ree 
Seed ee collapse? 

| ot pease a allen fe, rll upon the unatfected aide. 






Zeiten, 


© velop if the patient again lies on his back, Likewise, | fe w 
. ppontanéous massive atelectasis has heen repeatedly y - te 
"encountered in debilftated infants wha are allowed to ee Aas 


-. gordora to the newly acquired shape of the: remaining < eee 
aerated bang. The lung being freely movable at tne. Me 

~. petiphery and more confined in the hilum region. Mi by 

--- ggases the bronchi to fan out upward to fill defects: sa: Pech 


Sees side, 


Seeees ss aome deviation of the trachea toward the involved) 
“ °. side. There ds usually an upward arch imparted te i 
-<-\ o-the lawer border of the lobe dee to retraction of the — 

_ atelertatic upper lobe, The peripheral margin at the: 
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pear. The lung loses its dense: appearance within a. | eid 
few minutes, indicating that it must be due te the eros. vat 
found congestion which accompaniés the condition. °.{ 

-It may be possible to have asaoriated pneumo- | 
thorax, if-a major portion of an entire lung is ‘occlud- Heres 
ed, leaving only a very email segment of lang stillin |. : 
free comimiinteation with the outside air; Sve ate Shee 
tion of the amall remaining aerated portion, asthe 
fall pressure of the collapsing luag tay be exerted: 

upon this single small volume of remaining tissue = | 
(attempting compensatory emphysemay, causes. it to bea 
burst, Atelectasis of the various lobes produc nee Bo a 
characteristic pictur es (Figs. 175A to F).. eee | oe 
>> Pesition of the patient must play sume pat th he: A ar 
a development: of atélectasia since it tends to rede- © : 











remain for Jong periods lying on their hacks... Labert | 
6nd Krause have analyzed the forces involyed in the 
complete ntelectic collapse ‘of the lung and aeuhyse: f nee 
mhatous sxpansion in. the opposite: lung with epectal of) 
seaterenne:) to A Seu enn in. the pater aia 





y w itelectusia’ occurs: Sn & ainele ‘phe then | the: Te- ce # eS 

a traction ot ‘the chest. wall in not go evident and the . — 

mediastinal displacement is not so pronounced, This | 
is: because the ‘yemaining inflated portion of the Jung | - 
undergoes: compensatory: expansion. te make op {or the 

loss ‘of -yolume of the collapsed portion. © ) EAE 

_. . ‘Daring the process of compensatory expansion, ° Sh: ey hee 

the Dbronektal stractures rearrange themselves to ! 





the upper inbe and downward to fill in lower lobe de- | 

fects. The greatest pull is” exerted upon the closest. | °°. 

structures with less and Jess force exerted on the = {| 

more remote lung structures, ‘This is most strikingly} —- 

demonstrated in right middle lobe atelectasis where. (| =~ ey AEC ae Sea 

os normally aerated lung structures are intimately as- [| : spree Ny Ngee aa 
3 ‘Sociated with: the ‘collapsed middie: lobe on eines: 5 : Boies 


e iE 175C ~ Left Uppe r lobe 
Upper: oe mtelectasis ig. 1758) dainty shows 


lateral chest wall retains its normal position since 

the intact pleura: will not permit elevation of this. of 

outer portion of the tobe, On the left side, (Pig. 175C), Pi 

collapse of the upper lobe permits the lateral mar- | 

gins of the lobe ta elevate somewhat higher Stace it. 

is not. confined by the extra middle lobe septum. eae 

> Atelectasis of the middle lobe (Fig, 1750) may be: : te 

very: Mifioult to detect in the anterfor chest roent-" | - 

. genogram; the wedge-shaped shadow of the oes a ls or 
middie lobe presenta only sHght obstruction to the ; 

passage of the x-ray beam in this position and the: 

\ slight haze produced may be entirely overlooked. fed ) | : 
The SOTERA  Seatiae snd eit} Hea view. are ot pee Pig. 175D - Middle lobe, anterior view 
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.  elearly its: ‘gonsolidation. Lateral view projection — sos 
(Pig. VISE) discloses the incation of all of the ieee? se: 
lobar septa and shows the. atelectatic aaiddle Jobe as. 1. 
a Ranoaneniee atructore between the upper: and lower. 





a “yalue is: vis} proper. Viatielbration en the Jnndotic: got ie 
‘ition the rays are projected horizontally acrosa, oe pees = 

Les eae Tuberculous granulation: oay 
piss me Developmental anomalies of the bronchus 


Upper: margin of the middle: lobe , viauallalng’ more . 





ae Fig 13E)- “Middle lobe. Right latersh view: 


a ‘The most Sommenty: eunounter at conditions caus 2 
ay “ing Oetuston- are. | se 


eee ‘Foreign bodies - | 
2 Benunblogidy & tumors 





Figs l?5F < Lower lobe 2% 


ao (Fig 176). 
sults are similar. One of the most frequent caus es - 
| 4s bronchiogenic tumor, Such tumers; springing from pan 
the mucosal or submucosal layers’ of a hronchus- 3 
grow out into its lumen, gradually increasingin 
~} size until it causes complete. occlusion. The tumor ~— 


a uae oe PRINCIPLES OF ROENTGEN INTERPRETATION 





oi, ‘Inagteated branchial secretions - ISL OORERIE ee 


“massive collapse? - 


“SEGMENTAL ATELECTASIS. ‘ouly: 2 seat seg oe | 


: ment is collagsed there may be some displacement of — 
the adjacent lung septa but there is seually no: ‘mant~ sk 
af festation of mediastinal displacement. eS 


Reference to the. Wagram showing Saumients: ‘of 


| he’ iungs supplied by sraall bronchial branches will f 
‘did’ in identification of the bronchial branches in-. 3 = 
volved, When. atelectasis occurs theae segments he- a =A 


come much smaller. mhey. contract Seat te ie: Ob 

Least resistance. ©. BEE a 
Microscopic. and clinfeal evidence ot pérelike- aoe ieok 

openings between the walis of adjacent alveoli of he = 


Same lobule would seem ta indicate an accessory - 


means. for ventilation of the alveolar structures. in 


‘gase of bronchiolar obstruction (Van Allen and Lind- ee 


skog). Van Allen found in healthy tungs that. if the: 
first branch: of a bronchus was teft unobstructed | 
neither eniphysema nor atelectasis would follow ob- 


‘siraction of the other: branches due to, tollateral — 
Fespiration.. At ‘would seem from this that alelac— = 


tasis of smalier segments of tung structure would be . | 


4 impossible aad yet there is abundant eviderce that 
4 this does occur, Any inflammation or oedema quick- a 
oe _ ly seals the interalveolar pores depriving. that sec- 
; ee Alon of tong of its collateral respiratory mechanistn, 


| ‘Lower eipbe é wietentasia a (Fle. ‘\75E) sonata in an - 
== % extreme degree of collapse of the lobe, forming a. - 
= dense triangular etructure obscuring: the cardio~ es 
= “phrenic. ainus, Itis. Bonietimes amazing 40 see. how SE 
=e en a structure the lower lobe van shrink to.. 


_ATELECTASIS FROM BRONCHIOGENIC. TUMOR* Ae 
Whatever the cause of obstriction, the rée- i 


iiself may present only a small rourided shadow for~ oe 


| ae sonsiderable period of time until complete ocelu~ ae 
_ Sian occurs; then, suddenly, atelectasis develops: ies s 


the occluded portion. of the lung, Tf this happens fo 


! be in the age sep r Tobe bronchus, ae Founded, : ae 





Ash St 


) gurves 


te stenosed by scar tissue contraction.” 


i : : | permitting it to collapse ‘and impede expiration | 
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lower margin of the Rinwor < on 1 the inner side, plow the | 


concave lower border od. the. atelectatic upper lobe an: 
the. outer ails, eet « Shiiracteriatic oe ae 





- tatie aoe 7 n- ahaped coward, aoe 


ee times to 4 very aenail ane alee there Is no o horizon | | 


a fissure to limit its. collapse. 
- FOREIGN-BODY ATE LECTASIS,, ¥ seclusion ‘of. 


a bronchus is due to: an. opaque foreign body its pres- t= 


ically. If, on the atthe hand, the foreign. body is of 
nonopaque- consistency, At cannot be visualized; only 


by the secondary manifestations which it causes can i ; 
- its presence be suspected. ‘Rather common nen- | & 
opaque: foreign bodies. which | are traqeently. aspirated: q { . 


cularly.. 





_- into the lunge. are hear: are pa 





_. dangerous paasuch 58 te peanut contains essential | fa 


olls which sre very irritating to the lung tissues, 


causing infection and rapid formation of lung abecess, € 


“especially In very young children. H obstruction is 
- somplete, the atelectasis which: develops causes 
dense conaclidation which is Yeadily detectable; if 


obstruction is not complete the presence of a one 
body may. not be evident without special examination. + 





ATELECTASIS FROM TUBERCULOUS Ras a 


LATIONS, The larger bronchi may be the site of — 
tuberculous: lesions which furnish the source for: 


tubércie baciilt found in the sputum when the paren- A E 
chymal lung structure shows no evidence of the in- — f- 


| phe 


=a f 


Se ot POSER STEER RTI Vit aa ps ae 


Sa SS SS SSO ~ 


Ise or PLACeLIRE ATELECTASES Pg. 11) 
are fiat ardas uf atelectasis. which.orcur inthe: bases 


a 


of ‘the junge usually associated with restricted dia-~ 






> ae ie fee 


aetoRS: the lower Jupp fielda. They. usually disapocar 
owithin x few: ae after: fesuming. normal Tenet: 





- ANOMALOUS FENESTRATED MEMBRAN ES. nave 


= been reported causing local constriction of the lumen 
} tth or without atelectatic development. The. fenea-— = PS 8 aS Skee 
: ae trationa may be gufficiently large to permit Hasse: pees eS 

4d factory passage of air under normal conditions, =  s, 

| whereas alight. edema 6 or. tAnfestion. ays Spee com~ ae eee 


bhete oneerection:: ag Res a es 


volvement. Acute lesions may be ulcerative or hy- see3 


“perplastic, or both. Chronic lesions are ifbroscler- : a 


- atte producing varying degrees of stenosis. In the . 


~ acute Stage the jumen of the air passage may be nar- a Ss 
se s excessive amount of air in the lunge; it may be NEBR oe oa 

_| teular if contained within overdistended alveoli or 

| Interstitial if it has escaps 


~~ rowed by edema; in the chronic stage: it may he 
‘Whe air passage can be interfered ith in aa 


he “another: manner; ulceration from infection caused_ oe ae 
ae pressure ofa branchiolith may destroy a portion: 


(Chamberlain and Garden). 
These branchial lesions Cannot he vinuatignd: 


-Troentgenographically but their presence may be sus= Se 
pected from other manifestations which they pro- 
duce. Transient atelectasis, balloon: or check-valve — q 


cavities, sudden dissppearance of a cavity and Unek 3 
plained spread of the disease are all presumptive — 
evidence of their existence. Bronchoscopy ay be 

: necessary to determine their presence. - oe : 


- COMPRESSION ATELECTASIS thay occur aus fa 
, cane standing presaure on the lung structurefrom large | 


tumors, aneurysms, etc. Under such conditions the | 
expansion of the mass makes up for the lose of yal-. 


, ume of the lung and there 1s no change in actual size, 
“Lebert and Krause have analyzed the forces in- 

valved in the toxmplete atelectic collapse of the bang 

and emphysematous expansion in the opposite lung 


with — Sererenre ‘he ite: ‘appearance in the lat< eae 


SES TORY EMPHYSEMA): 
|. be-due merely ta overexpansion of the otherwise 
- normal Jung. H any portion of the lung loses. volume es 
from any cause, such as atelectasis or operative =... 
{ removal, the remainder of the aerated lung, being — She? 
4 still in free communication with the outside, caaipee SS 
- goes compensatory expansion to fill up the lost apace: = 
“| The alyeolar structures merely undergo infistion and Ratigs 
- | -intrease in size, no pathological vhange is created = 
| within the parenchymal structures. Sucha rondition: a pes 
z is known as. compensatory expansion oF srphyaenis. 2 RT 





EMPHYSEMA and CYSTIC. DISEASE 
~ -Smphysema may. be defined as. the presence ol an 





Bue of ie ne ae section omar: se 


- COMPENSATORY 3 EXPANSION: (COMPENSA- | 
Vesicular emphysema: way 


OBSTRUCTIVE EXPANSION*: (OBSTRUCTIVE 
dy; lodged. ina min stem. bronchus OR 





i tic thovement. Theae appear ia the roent: oes 
8 ORT ani as dense bunds extending horizontally - : 


‘into the interstitial tie ns : 


bronchus becomes slightly larger in dianieter per- ee 
| atten # Eetal) g@imount of air to enter the distal seg- 
| meet at the POreny obstructed Skane, on the expire 5 


ne ee 


_ EMPHYSEMA), (Fig. 178A and 178B); If a meen 
| + Terni: wx =: Sees 
either aide, aoes not completely obstruct, ateleclasis Sets 


ovations the affected side: of the ehest retains lis full 
Bees volume during expiration while the unaffected side 
becomes: narrower and denser in appearance as the if 
See Bie la. expressed from the lung in normal reapiratory pf 
movement; asa reault of the vary ing | pressure on ne 
.~ two sides of the chest during the various phases Gf 
Ses respiration, the mediastinum swings: atk and forth 
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== tion (Pg: 1718p) the bronchus becomes. Sntatiert in ee 
-galibre clamping: down: tightly: upon the foveten body: 





and preventing expulsion vf air from that ee oft - oe 
. the lung. As a resolt, since any air absorbed ty the 


--etreulating plood is. continually. replenished, atelecs: cartilages have been missed. 





- tasis does not develop, bul rather an increase in” 





; Paes radiolucency. appears. on: ‘the involy 6d: side. aB 2 result OG 
of the overdistention with air. ‘Thie condition is 
 ehown'ag obstructive emphysema or obstructive | ex- DoE 
pansion. This series of phenomena are readily seen 
“on flucrosgeaple examination, The ‘diaphragm is ita- 9 4 
poate enters freely causing unrestricted distension ef 
Zz “anes air: sacs to thetr. taxinum ae but air nap THTOL 


mobile and depressed and dees not move with respi-’ ‘2 


_ Hike @ pendulum acrosa. the cheat with each respita~_ do 
. tory. movement (Manges). - 3 


by partial bronchial obstruction by a ‘onopaque 

foreign body has been. Teported by Margolin; et ‘al. Y 
which may be due to a amall flail area in: the: ate eg 
tilaginous rings. of the main stem ‘bronchis. gestae 
< Gyebar or “gepgmental emphysema of this ‘type ‘oias” 


Tk woe Sylk 


bes pated igs pees 8 nt ths HEH ean f Bue ae fail, 


BWie Fig. 178B. 





“fapludeg: w few ‘amen in which defective b bronchial Ss 28 






eee Parenchymatous vesicular emphysema, on, the other 


ty Jung tissue, 


M be? elustic gecau! 


Ss eases: their walle become deatrayed, Heaving | the air: 

| spaces ‘separated: only By the alWeolar: septa... Te ae 
; Lee E there appears: ett the: Poebigeddgraty,, testy”. 
Ane réased radialucency: at the. lungs. and. second, the: 
: Rise formation of a terminal network of finer jung ‘ma Pe a 
A syndrome similar in character to that produced De i 

4 Aeagen: This appearance: has bsen. referred. io.as. 
| Macborizatign or reticulation. “Emphysema ;. Wee Sos 
i well established, affects the: ctintour aE: iie chest: the Sew 
| postericr: ribs. become horizontal-and the Boletior . 
i - portions: angulate: @brupthy downward, fesdlling a 

cen] iMcrease mn the ‘anterdposte rior. diameter: Most 






PRINCIPLES OF ROENTGEN INTERPRETATION: 


steht 4 cartilaginous fling which may be sd severe as. to TBe 
aT N antes. lobectomy for rellel (Fischer, ¢t al.). 


This. form, DE emphysema is: merely a piaiclugient® a 


Tee: response ‘ol the nornial lung to a.decrease in function. ©. 
Renee elsewhere; there is no variation in the elastic tissue, PES 
oo 4 Abe bang: tmerely expands more because of an increase - een 
| in the sige of the pleural cavity. Rosa. Golden has 
| demonstrated emphysema OE small Tang: segments due 
ce ete foreign body in smaller aiy passages, Smallem~  . 
_. | physematous segments of the long may not produce 
demonstrable chanve in the adjacent lung structures _ oe 
Joo) put may result in displacement ot the interiobar 
SP aseS. septa: and hilum shadows: : 


-Stovin has reported a ‘case of congenital taeas: em= 


reas 2 physema and a technique for examining whole bronchi. 

— | for abnormalities for the bronchial cartilages is. de- a 
--} -seribed. Using this technique the case was seen to. 
belong to the group of cases with hypoplastic carti- Fay 
Mages and not to the idiopathic: froup of cases. © WERE 


ey Suey ot eases. in the literature hag: heen 3 


wy hae ye hae 





ER REM CHT TODS VeSIeuLAR EMPHYSEMA 


hand, results from definite structural changes in the eee 
Loss ine elasticity. of. the elas Sic: Ussae 7 Te 
permits aversdistension of the: vesicular structuresy. = es 





snd 










The. eenediad s air sacs becudis dileied Gia tk oe 





ings which extend we to the very periphery. ak the 





ue de. not Seen es. to senings Assahility, but 


+e te Ze 


“Hypertspphic, & vet aes face: RAGE E Sar hee 


aes ints: twa formes one: involves, the. ling: a8 ao eae 
omtrade genkralized emphysema, while: fie! other: es 





addition. te. having: generalized. encphysnnia’ is: ‘come 


3 plicated by. emphysema which pa rtirdlariy’ affects” 
, individual iotules,: T 


The Jobula r lesions. éha rks In the 


p center atihe tobules and for: this. ype. the: Hace: Ke SEE 

| centrilobalar: emphysema’ is. proposed: ‘These: anes Peres 
|} ferent forms of éinphysema - depend for distinction: 
Spon. tung being: Heed Gn an: 
tie Se ze: examination and failure: to adapt such methods snay> 
OS have hasapeved 1 the recognition of; the centrilpbuter 
Pia GF totin- ESE ‘ “s tay 


expanded: position: betare 


140 Janae witht pyeenenaee: amnphyserna. oe beens 


UN | seetien Ba Pe sbawed, pentellobalay fore ats ns 
PRY RE toa rhe PERE BSR R Re AS ny EE ait SESS pe ee 





PATHOLOGY OF RESPIRATORY ORGANS 


The enlarged centrilobular spaces are distal or- 
' ders of respiratory bronchioles which form clusters 
of spaces communicating with one another. Alveolar 
ducts, saccules and atria surround the clusters, 
open into them and separate them from the septa 
which bound the lubule. 

All lungs with centrilobular emphysema have 
chronic bronchiolitis and the inflammatory changes 
extend distally to the level where emphysematous 
expansion occurs. Narrowing of the bronchioles 
was present in 60% of lesions but was only severe 
in 12%. Dilated or normal air ways lead to the em- 
physematous cavities in the remaining 40%. 

Centrilobular emphysema results from inflamma- 
tion of the respiratory bronchioles, the proximal or- 
ders being ensheathed by organized exudate and 
thickened, the distal order weakening and ruptured 
to form the emphysematous spaces. The emphysema 
is not regarded as primarily a consequence of par- 
tial obstruction in the airway. The well established 
fact that when an elastic sphere expands its walls 
become weaker, is put forward as the explanation of 
progressive enlargement of emphysematous spaces. 

Postmortem examination of the lungs of patients 
who had had clinically chronic bronchitis revealed in 
large part a well established centrilobular emphy- 
sema. This type of emphysema has been missed in 
the past, until recent years because of difficulty to 
detect at autopsy. Best seen in formalin-distended 
lungs, but this distorts specimen if allowed to float 
in fixation. By maintaining the intrabronchial pres- 
sure at 25 crn. of fixation for days or weeks, this 
shrinkage and distortion may be overcome. “The 
translucency of the lung can be overcome by a sime- 
ple method, of imprenating lung slices with barium 
sulphate,” (Heard). Reliable examination can be 
made by the dissecting microscope. 

Congenital cystic-adenomatoid malformations of 
the lung are also described by Craig, et al. in which 
numerous air cysts much smaller in size are pres- 
ent associated with large masses of adenomatous 
tissue. The clinical symptoms are cyanosis, rapid 
respiration with an absence of respiratory distress 
or fever in newly born infants. Surgical resection 
is the treatment recommended. 

Katz and Wagner have reported: “An additional 
case of a unique pulmonary disease with distinctive 
clinical and radiologic features but undetermined 
etiology is reported under the title of “unilateral 
pulmonary ‘emphysema.’ ® 

Pulmonary function and bronchospirometric 
studies in this patient revealed markedly reduced 
ventilation and decreased oxygen consumption by 
the abnormal lung. The values of these functions 
are in agreement with those found in previously re- 
ported casesand are consistent with ventilatory ob- 
struction. 

The abnormal movements of the mediastinum and 
the increased airway resistance are believed to be a 
reflection of decreased pulmonary elastic recoil and 
distensibility. The clinical course is almost in- 
variably benign. 

The condition should be differentiated primarily 
from obstructive and compensatory forms of pul- 
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monary emphysema and congenital absence of a main 
branch of the pulmonary artery. 

Unilateral obliteration of the pulmonary arter, 
may occur ina patient with emphysema. Awareness 
of the possibility of this condition in a patient with a 
history of recurrent bronchitis and recent progres- 
sive dyspnoea, together with increased radiolucency 
of one lung radiographically, should lead to further 
investigation by lung function tests and angiocard- 
ography. 

The role of surgery in the treatment of this entity 
is emphasized. 

Fraser and Bates have conducted an extensive 
study on the differentiation of emphysema and asthma. 
Both produce hyperaeration and excessive trans- 
lucency of the lungs and both are associated with 
dyspnoea. Emphysema is a more or less permanent 
condition with little chance of influencing by treatment 
whereas asthma may have remissions and more or 
less normal intervals. 

The arteries, however, suffer permanent effect 
from emphysema since the terminal vessels are in- 
terstitial, pressed out with many illuminations of 
smaller vessels, whereas the spasmodic contractions 
of vessels in asthma does not cause permanent 
obliteration. 

Body section roentgenography has been found there- 
fore of value in their differentiation in so far as the 
difference presented by the lung field with normal or 
increased vasculature as in asthma is plan over the 
sparsity of vessels in the field of emphysema. The 
Logitronic method of reproduction accentuates the 
finer lung detail. 


BULLOUS EMPHYSEMA*. Ordinary parenchymal 
emphysema may progress to the formation of large 
blebs and bullae throughout the lung; the septa be- 
tween alveolar structures continue to rupture form- 
ing larger and larger air sacs until they constitute 
thin-walled blebs on the pleural surface and bullae 
throughout the lung. Spontaneous rupture of pleural 
blebs (q.v.) constitutes one of the most frequent 
causes of pneumothorax. 


PROGRESSIVE VESICULAR PULMONARY EM- 
PHYSEMA (Fig. 179A). This is a condition in whicn 
pleural bleds and bullae form at the periphery of 
the lung. The etiology is unknown. In its simplest 
form it manifests itself by spontaneous rupture of 
one of these distended vesicles resulting in pneumo- 
thorax. In its most grave form it results in pro- 
gressive unrelenting vesicle formation which may 
over a period of months or years result in almost 
complete replacement of the lung. This condition has 
been referred to as “vanishing lung.” A number of 
cases have been reported in which death ensued 
(Price and Teplick). Fortunately it is very rare. 


PULMONARY INTERSTITIAL EMPHYSEMA* 
(Hamman’s Disease). Rupture of distended emphy- 
sematous bullae into the interstitial tissue of the 
lung results in interstitial emphysema. Air thus 
introduced into the interstitial tissue travels by way 
of the interstitial spaces toward the periphery of 


ay curcing during fetal development. Th 


266 





Fig. 179A 


the lung and into the mediastinum, (q.v.). producing a 
characteristic appearance of halo about the heart: 
often accompanied by spontaneous pneumothorax. © 
from rupture of pleural blebs and finally by. com- ae 


plete atelectasis from avascularization by pressure. 


on the vascular structures from within their TBraee 
interstitial sheaths. Herrnheiser and Whitehead: - 

have pointed out the existence of air-filled peeudo- | 

cyste within the lung. which may be associated wit’: 


- this condition, but caution against too readily: Mage oi ob f Py 


nosing the condition from these elgns alone.” 
CYSTIC DISEASE OF LUNG (Figs. 3798, C and - 


rg D). Cystic formation in the lung is being ancounter ed " 

with greater and greater frequency, (Peirce and 
.. Ditkse), (Kirklin). This may be congenital or ac- 

quired. - The origin of congenital cyste of the lungis | “ 


not fully understood; they probably represent acci- — 
dental enclosures of bronchial or tang structure Oe © 
ney Tay show 





-) tracheal attachment or esophageal invalvement and— 


CHG i | have been demonstrated in new-born infants. They. 
areca? two types, those containing fluid: end those | 


containing air--pneumatoceles. The fluid cyst may. 
be the: ipttiat Sane - the eet formation; that this may) 





) Figs 1798: 
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Fig. 1796. 





Eine 179. 


: | rupture, atiawing. egress of the fluid and aitaes of» 
| the cyst resulting either in subsequent healing and 
obliteration of the defect, or in formation of a check 
valve of mucous membrane allowing the cyst to be. a 
s | ynea with air on each inspiratory, movement but: ee teeiec 
_ preventing expulsion of air on expiration hy its valve- 


like action, thus causing it to become fully inflated — 


with sir. The extreme pressure maintained within 
the cyst: may account for. inhibition, of further secre | 


tion by its: secretory membrane, ; 
Air eysts (pnéumatoceles) ¥ary in hahattes dee 2 3 


, pending upon the place of origin in the bronchial tree, 
_ | If they originate in association with the Jarger bron- 
| chi which have cartilaginous ‘rings they. spring from 
| the bronchial walls ike herniations of roultiple diver= eo 
ticula always maintaining a patent connection with the - 
bronchus from which they originate. Roentgenograph~ ee 


ically they may appear as multiple rounded, thin- 


| walled air apeces often spoken of as “honey-combed.* 
| ‘The tearm is sot well chasen ay descriptive of the 
‘| condition since the air Spaces abe much ios large to” 
_pesembie a honey comb, Lipiodol injected into the _- 
trachea wilt run out readily into the cyaiiec structures. 32 
| of the larger bronchi, The “honey -tombed * appear 
ance of bie aOR ROAS, sary Soute be mintiken for. | 
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tuberculous cavities. These air-filled vesicles do 
not change in size with respiration but maintain their 
constant pressure. This may become so great that it 
exerts sufficient pressure on the weak portion of the 
mediastinum to cause herniation to the opposite side. 
The farther out in the bronchial tree the air cysts 
originate, the thinner their walls and the more com- 
pletely closed their communicating openings will be 
until those which occur at the periphery of the lung 
become pleural blebs and bullae; lipiodol injected 
into the lung will not extend out into them. 

Bersack has called attention to the occasional ac- 
cumulation of small amounts of fluid in emphyse- 
matous bullae and concludes that it is probably due 
to subsequent added infection. Correlation with other 
elements of this history should aid in diagnosis. 

Margolin, et al. have called attention to a lung 
syndrome which consists of the following: 

“Four cases of roentgenological syndrome char- 
acterized by unilaterl] emphysema, a peculiar form 
of bronchiectasis and pulmonary arterial undercir- 
culation are presented. 

The chief roentgen features include the following: 

1) Abnormal translucency of the entire lung or 
lobe. 

2) Normal or small size of the affected lung or 
lobe. 

3) Maintainence of almost constant volume of the 
affected portion of lung during changes in respira- 
tion. 

4) A small hilar shadow with sparceness of the 
intrapulmonary vascular markings. 

5) An unusual bronchiectatic pattern without evi- 
dence of obstruction of the larger bronchi. 

The clinical and laboratory aspects of this condi- 
tion indicate that it is associated with a disability of 
varying degrees, perhaps related to impairment of 
pulmonary function. Differentiation of this syndrome 
from other conditions causing abnormal, unilateral, 
radiolucency can be made, bronchiography being of 
particular value in this regard. Pulmonary artery 
hypoplasia presents the most difficult problem in 
differential diagnosis.” 

That lung cysts are not always congenital but may 
be acquired has been amply proven. Numerous in- 
stances have been observed where, in a previously 
healthy lung, cysts, both fluid and air-containing, have 
developed during the course of an inflammatory proc- 
ess in the chest such as lung suppuration, pneumonia 
or pleurisy. 

Roentgenologically such cysts may be recognized 
in perfectly healthy individuals having no history or 
symptoms of disease. Only after prolonged observa- 
tion is the diagnosis justifiable. The fluid cysts 
(Fig. 179B) may appear in the mediastinum or in the 
pleural cavity itself; they present smooth well-defined 
rounded shadows of uniform density; if rupture oc- 
curs a fluid level may be visualized. 

Isolated “balloon” cysts (pneumatoceles) (Figs. 
179C and 179D) are rounded well-defined radiolucent 
areas, devoid of lung markings, showing thin defining 
membranes; they occur most frequently in the upper 
lobes and may be bilateral. 
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While we have observed such cysts without change 
over many years in adults, we have also seen rapid 
expansion and death in infants, due to acute pressure 
on the great vessels. They are, therefore, a poten- 
tial danger in children. Under such circumstances, 
surgical removal may be justifiable (Warring). 

Pulmonary tension disorders may take on many 
variable forms especially in children (Campbell and 
Silver). It is difficult to understand how pressure 
high above that of atmospheric can be built up in ten- 
sion cysts when their filling occurs primarily as a 
passive process to equalize air pressure from res- 
piratory movements. There must be some other 
intermediate space which being filled with air during 
ordinary respiration, is pressed upon by the muscu- 
lature during the expiratory phase. 

Pulmonary cysts of this type show a natural ten- 
dency to spontaneous regression during early infancy 
(Coffey), but should be watched carefully for any ten- 
dency to undue enlargement. 

Air cysts of this type may be confused with annu- 
lar shadows which result from septic thrombosis of 
the terminal bronchial vessels (q.v.). Annular shad- 
ows of this type have much thicker and more uniform 
walls. When multiple they do not cluster in a honey 
comb arrangement but each retains its own charac- 
teristic appearance. They may show some remnant 
of solid structure in their centers. 

Fibrotic and cystlike changes have been noted in 
the lungs in association with cystic pancreatitis in 
infants and young children (q.v.). Recent observations 
would indicate that this peculiar disease owes its 
pathological symptoms to the thick glarry mucous 
secretion with which it is attended wherever it may 
be found in the body. It has therefore been designated 
as mucoviscidosis (Farber). 

Congenital cystic -adenomatoid malformations of 
the lung are also described by Craig, et al. in which 
numerous air cysts much smaller in size are present 
associated with large masses of adenomatous tissue. 
The clinical symptoms are cyanosis, rapid respiration 
and an absence of respiratory distress or fever in 
newly born infants. Surgical resection is the treat- 
ment recommended. 


NEW GROWTHS OF THE LUNG 
(Jackson and Jackson) 


Primary new growths of the lung may be either 
malignant or benign. Malignant growths are much 
more numerous than the benign and predominate in 
the male sex; benign growths are less common and 
occur most often in women. 


MALIGNANT TUMORS*. Within the last few 
decades, primary carcinoma of the lung has risen to 
incidence from a rare disease to one second only to 
carcinoma of the stomach. The alarming increase in 
this disease has lead to a diligent search for the 
cause. The pronounced increase in cigarette smok- 
ing has directed suspicion to this as a possible cause: 
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PATHOLOGY OF RESPIRATORY ORGANS 


carcinoma of the lung. Not until microscopic exami- 
nation of the abscess wall is made, is its true malig- 
nant nature recognized. Only rarely does atelectasis 
occur in this type of bronchiogenic carcinoma. The 
destruction seen in these tumors is primarily due to 
the vulnerability of this specific type of growth, pyo- 
genic infection is a secondary complication. 

When carcinoma of the lung presents itself in the 
typical nodular form, the diagnosis is usually quite 
evident; unfortunately, however, there are so many 
other bizarre forms which it may present that often 
not until microscopic examination of the tumor tissue 
is made, is malignancy suspected. A malignant 
abscess wall may be so uniform and smooth that it 
may resemble a pneumatocele or air cyst of the lung. 
Only by correlation with the clinical history can a 
correct diagnosis be made with any appreciable con- 
sistency. 

Investigation of the clinical symptoms accompany- 
ing carcinoma of the lung has convinced us of the im- 
portance of the following symptoms: 

1) In an individual 50 years of age or older, 

2) Having a duration of illness of 3 months or 

longer, 

3) With progressive weakness and loss of weight 
without demonstrable cause, 

4) Without fever or other signs of infection, 

5) With chronic cough, 

6) Blood streaked sputum or hemoptysis at any 
time during the disease, hemoptysis has been 
the most important symptom in relation to lung 
cancer among 6,137 men over the age of 45 
years who joined the Philadelphia Neoplasm 
Research Project, according to Boucot who 
conducted the survey; Chaves reported 7% 
hemorrhages in 4,771 cases. 


These symptoms coupled with a persistent area of 
infiltration or consolidation give the best criterion 
for the diagnosis of carcinoma of the lung. 

Many additional aids are available for confirma- 
tion of the diagnosis of malignant neoplasm. 

Bronchoscopy is an indispensible aid in the in- 
vestigation of chest disease, especially lung carci- 
noma. Securing of a biopsy cannot be overestimated 
as a diagnostic aid in malignant tumors of the lung, 
(Moersch). 

Body section radiography or bronchography will 
demonstrate a block of the bronchus in 90% of in- 
stances. 

Bronchoscopy will show a tumor in 85%; it has a 
rather characteristic bronchoscopic picture and the 
microscopic appearance is usually quite character- 
istic (Howe). 

Cytological examination of bronchial secretion 
will also be of aid in detection of malignant cells in 
a high percentage of instances (Rigler). 

In smaller bronchial branches, bronchiogenic car- 
cinoma may be suspected if inspiration-expiration 
films show small areas of obstructive emphysema 
(Rigler and Kelby). 

An excellent handbook on bronchoscopic and 
radiographic manifestations of tumors of the lung is 
available (published in German) by Link and Strnad. 
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A study was made by Ballantyne et al. at the Mayo 
Clinic of 59 fresh surgical specimens of bronchogenic 
carcinoma for evidence of invasion of blood vessels. 
Microscopic evidence of such invasion was discovered 
in 52 of these 59 specimens (88%). Arteries had been 
invaded in 10 specimens. 

Results of this study and of a survey of the litera- 
ture warrant the following conclusions: 

The incidence of microscopic invasion of blood 
vessels in sur gically resected specimens of broncho- 
genic carcinoma is great. Invasion of pulmonary ar- 
teries and their branches is common. But angio- 
cardiographic evidence of arterial invasion need not 
be considered evidence for inoperability unless occlu- 
sion approaches the bifurcation of the pulmonary 
trunk, so that ligation would not be feasible. Invasion 
of pulmonary arteries by bronchogenic carcinoma 
may be a factor in the production of peripheral in- 
farcts and perhaps occasionally of peripheral spread 
in a “lymphogenous” pattern. Peripheral infarcts 
may be associated with pleural effusion, which should 
not always be considered a sign of inoperability. 
Peripheral infarction or thrombosis in pulmonary 
vessels invaded by bronchogenic carcinoma may give 
rise to symptoms simulating acute coronary disease. 

The ready access of malignant cells to the sys- 
temic circulation explains the high incidence of the 
widespread and sometimes bizarre distribution of the 
distant metastatic tumours in bronchogenic carcinoma. 

Microscopic evidence of invasion of blood vessels 
in bronchogenic carcinoma does not necessarily indi- 
cate short-term survival. 

It is difficult to assess the possible role of the 
surgeon in disseminating tumour emboli as a conse- 
quence of manipulation during operation. Dislodgment 
of large fragments of tumour in pulmonary veins as a 
cause of sudden death should be recognized as an oc- 
casional possibility. Minimal manipulation should be 
practised and preliminary ligation of veins should be 
considered in an effort to increase survival rates. 

The resistance of the host may be of prime impor- 
tance in determining the fate of malignant cells that 
gain access to the blood stream. 


PRIMARY ALVEOLAR CARCINOMA* (Davis 
and Simon). Primary carcinoma of the lung 
may arise from the alveolar structure of the lung. 
Simultaneous development of such tumors from mul- 
tiple areas throughout the lung has been amply proved. 
Microscopically there is overgrowth of alveolar cells 
over a wide area causing encroachment upon but not 
at first filling the alveolus; remaining air in the 
alveoli give the roentgen appearance of small gran- 
ules throughout the affected portions of the lung. 
Starting simultaneously in multiple foci (a condition 
unique in the realm of malignant tumor genesis), it 
gradually extends to involve more and more of the 
lung substance; when fully established it appears as 
a diffuse homogeneous area of consolidation. Be- 
cause of lack of metastases it is considered by some 
to be a benign overgrowth of cells which causes 
death by obliteration of all air spaces. 

Microscopically it resembles closely the adenoma- 


PATHOLOGY OF RESPIRATORY ORGANS | Sears 





_ | Fig 1808 


the lunge may occur with carcinoma, sarcoma or. 
lymphoid deposits of Hodgkin’ &, or leukemia. The 


esis may be difficult to differentiate. 


Most often metastatic Jesions in Tung trie ma- ae ES 


lignant melanoma are Similar ih appe arance to 
choricepithelioma, seminomas and sarcoma, About 
10% have. metastasea in bones: also, ‘aibiah)_ 





_ ple round eireumaeribed: lesions, occurring rapecial on 
ly in lung fields; this is the commonest sype of me- 


tastases, (Hilibish). 


Other types of Tipanbanee | may pe. atmilar such z as 


chorioepithelioma, seminoma and sarcoma, BO that 
they cannat be diagnosed. specifically. ‘“Asaoctated | 
bone metastases: are usually present fn: 10.8: of the - 
cases. Similar changes may. be produced by thyroid 





- mediastinum or brain; skin metastases may occur. _ 
: ‘Only hope for recovery is early diagnosis and early 
“operative: removal and gland dissection. © — 


Massive metastatic involvement ta a frequent de~ : 
velopment. from hypernephroma, although this may he . 


of the distinctly nodular variety. 


Occasionally, a pecultar type af metastatic. spread v 


is Seen in carcinoma of the breast directly througt — 


the chest wall into the mediastinum and peribronchial 
lymphatic structures. Roentgenographically this ap-. : 


pears 45 35. accentuation of the bronchial branches |. 
radiating outward abruptly from the hilum regioss = 
giving a sunburst effect. Celis, et al, have pointed — 


out the importance of the thoracic duct in the e spread aS f 


of malfgnant disease. 

Kennedy and Kneafsey have reported q cases ot 
plasmacytoma of the lower respiratory tract; they - 
asually occur in the upper portion. They arose one” 


currence or dissemination has not occurred 4 years 


oe after resection in one ‘case and in the. other 16 months. 


“In the management of these patients there are — 
3 three objectives; they are 1) to sustain morale 
2) alleviate pain, and 3) prolong useful life.” “How 


_ this. is accomplished variea with the individual and 


re 


See 





> wie ce ee eas 





seks | he} kat wc 
en fires hidteating themselves peers. as bulky 
| adenopathy of the hilum glands, spreading, retro: sae 
| grade, along the: pulmonary lymphatics: outward like = 
| @ sunburst giving rise to a roentgen picture which is — 
| distinctive of this type of spread of malignant disease. . pee 
As the disease progresses coelescence and enlarge-- 
“ment of the: lymphoid deposits may produce massive: 
| areas of consolidation indistinguishable from other. . 
| types of malignant involvement. erasers 
|. Another kindred type: of malignant tumor whink< fe 
i sometimes. starts as. 8 pulmonary lesion is extra=- 9°) - 
3 tedullary plasmocytoma of the lung (Rozsa and 
Tok qe abe sissaee is. not eharacken (sty as TAY 


es eee an entire ibe. The hone may ‘be nner ne 
- lacework type of infiltration seen tn tuberous scler~— ce n 


involved or may be free. Diagnosis is made y Biopsy 


ES ane surgical resection offers hope of cure. on ae 
 Kruckenburg tumors én, under unusual cineuen= e oe 
4 ntances, spread from their original location in the 

- | stemach directly upware 

eG “dnto the qungs, without ovarian involvement. ‘Roent— Ss 
| genologically they may: produce: a picture: very: sin : 
tar to the lymphatic spread of Hodgkin's: disease, - 





by way of the lymphatics: 


_Hepatomas often cause. widespread soieroscopic. 
metastases in the lungs which cannot be detected © 


. roentgenologically but are quite evident on micro~ 
op: Beopic: examination. =. 


aor 


arr aa 


St with, the doxtor attempting this Siyniningieal ‘problem. wer 
| Dr. Murphy presents a logical oe to the CREE ¥ 
ae es sea wet Sorte while. SS ee CN eae 


‘When there is np ‘pvidenta ot priesary. Tashan. met # = 


i I astatic: involvement may be difficult or. impossible to. 
| diagnose (Russo and Cavanaugh)... 
| and. breast metastases. They may metastasize to the 


Rigler has reported in his: petronpective stody ok: 





More than half of the patienta i 


of carcinoma for more than 2 years ci wie 3 


‘this may be. because of complete tick. om symptoms. 3 


Ee 100 patients with proved luag cancer who. tor. various. 2 x ae : 
reasons had no treatment... erred MO ERS te as | 


| during this pertod. When obstruction, occurs: symp-- ee 
ie tome ‘rapidly fallow, aE 


“Or obstructive éymptons. may: be the first to ape Sees 


pease or Cavities may occur early in the digease..< 5 <9 
“Serial chest films will, help to: reconstruct the prog~ Sg 
yeep and location of the disease... . *Prasumably lung. 
. cancer grows slower and over a longer uerisd than 
of wae generally supposed.” ee 
‘One-of the causes of ‘subpleural pulmonary re sal aaa: 
oe: phatic dilatation is obstruction and distention of these - 
sf | Weasels by tumor cells, The dilated lymphatics. may 
a =| ere visible on cheat roentgenograms in the form 
| of short transverse lines in the bases of the lungs, — 
in the ‘bronchus: and the other: in: the trachea; Rew. Puls 2 permitting one: to make the aenos : 
: | -tarcinoma, ‘There are relatively few other conditions ~ 
which will cause the eubpieural: lymphatics to distend, ~~ 
oand these can usually he readily excluded, { Levin); maha ae 
_f Sueh as Kerley first called attention to aubpleural 

» taterlobular lymphatic dilatation ag a. iganeoeaninees. 

“ cal ey in Aas anes dilated ee appear 


sis of mietastatic 





268 


on the chest roentgenogram as short transverse 
parallel lines a few centimeters in length extending 
outward to the pleura, and are now universally known 
as “Kerley’s Lines.” They were originally reported 
in association with silicosis and were attributed to 
lymphectasia. Subsequently reports were made of 
their occurrence in mitral valve and other forms of 
heart disease probably due to associated chronic pul- 
monary venous hypertention or hemosiderin deposi- 
tion along the interlobular septa. The possibility of 
these lines geing due to clogged lymphatics from 
metastatic spread of carcinoma must be considered. 


GRANULOMAS OF LUNG 


Granulomas are collections of granulation tissue 
which have developed in response to tissue reaction 
in an effort to rid the body of infection. Such infection 
may be pyogenic, tuberculous, mycotic or possibly 
viral. The occurrence of such granulomas in the lung 
renders them very amenable to roentgen examination; 
due to the surrounding air-filled lung it is possible to 
effectively examine them as to their location, size, 
shape, form and outline, and the consistency of their 
structure. 


Pyogenic granuloma, from the walling off of small 
areas of pyogenic abscess in the lung, may present 
the appearance of a small discrete, well-rounded 
nodule, which on section presents the appearance of a 
central focus of remaining pyogenic infection, sur- 
rounded by layer upon layer of dense fibrous tissue 
like the skins of an onion. Roentgenologically the 
density may appear uniform throughout or there may 
be a slightly rarified central zone, best observed on 
body section examination; rarely is there any calcifi- 
cation. There is ordinarily little if any change over 
long periods of time. 


Tuberculoma. In a similar manner old tubercu- 
lous lesions may become encapsulated with forma- 
tion of well-defined rounded nodules. They are us- 
ually limited by a dense fibrous capsule with a 
greater amount of central destruction and calcium 
deposit. As time goes on, liquifaction of the granu- 
loma may result in complete caseation necrosis 
within the fibrous capsule and excessive calcium de- 
posit. They have a tendency to multiple occurrence. 

An ever increasing number of instances are being 
reported of solitary granulomatous lesions believed 
to be tuberculous granulomas turning out on section 
of the resected specimen to be granulomas of other 
type especially histoplama and coccidiodal with only 
occasionally one of tuberculous origin (Zimmerman). 


Mycotic Granuloma. Similar solitary, rounded 
nodular lesions may occur as a result of mycotic in- 
fection. They may bear no distinctive roentgen dif- 
ference from tuberculous granulomatous lesions and 
often can not be differentiated from malignant 
lesions. 

Kerley has endeavored by arterial injection to de- 


PRINCIPLES OF ROENTGEN INTERPRETATION 


termine the role played by vascularity in the site of 
occurrence and character of these solitary nodular 
tumors. By an analysis of the sites of tuberculomas 
he has found that these granulomatous masses never 
occur anteriorly and are likewise very rare in the 
posterior middle and anterior basillar segments. 
Fully 80% of tuberculous granulomas occur in the 
apical segments; this seems parallel to the predomi- 
nating site of such infection. Carcinoma may occur 
in any location. 

Deck reports 21 cases of metastasis to lungs which 
were excavated carcinoma of sarcoma, from most 
common sites. No specific roentgen appearance. 


Brucella infection has been occasionally isolated 
from similar nodular lesions, (Weed, et al.). 


Multiple soft tissue neoplasms; NEUROFIBROMATA 
have been reported by McCarroll due to neurofibro- 
matosis. These may at times cause notching of the 
ribs similar to that seen in coarctation of the aorta. 


BENIGN TUMORS 


Williams has demonstrated the origin of certain 
rounded, coin-like structures as a result of hema- 
tomas from non-penetrating trauma to the lungs. 
Large massive irregular densities in the lung follow- 
ing non-penetrating injuries to the lung probably indi- 
cate interstial hemorrhages into the lung substance. 
Following the resolution of this lesion a rounded, 
clearly defined lesion similar to that designated “coin 
lesion” becomes visible. These lesions completely 
disappear approximately four months later dispelling 
the possibility of it being a solid tumor mass. 

Benign tumors of the lung occur most frequently in 
young individuals; they are more apt to contain cal- 
cium deposits, but their benign character cannot be 
depended upon from the detection of a small amount 
of calcification alone; only if the calcium deposit is 
of the laminated concentric type as in old healed in- 
fection or of the “pop corn” variety as occurs in 
hamartoma can it be relied upon as a definite sign of 
benign character, (O’Keefe, et al.). 

Calcification in *coin” lesions must have more 
than one film to prove the lesion really contains the 
calcium so as to eliminate other superimposing cal- 
cifications in the lung. 

Progressive increase in size of the lesion over 
one or two years due to granuloma often discloses 
histoplasmosis on direct smear. 

Carcinoma of the lung may, by its growth engulf a 
preexisting calcium nodule in the lung. 

Calcium may be deposited in necrotic areas, in 
granulomata of malignant lesions; cavities of meta- 
static tumors, also in cartilage lesions, such as 
bronchiogenic carcinoma. 

Cancer is suggested if the wall of the cavity is 
thick and the lining irregular and shaggy. Squamous 
carcinoma is essentially the only type of primary 
carcinoma of the lung in which central cavitation 
develops. Occasionally cavitation will occur in 
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HAMARTOMA produces a well-defined, rounded 
tumor in the lung field much the same as that seen 
with fibroma, except that there is usually irregular 
calcium deposited throughout the mass. Such tumors 
are not true neoplasms; they are merely collections 
of all histologic elements which make up mature 
bronchi or lung tissue; cartilage usually predomi- 
nates with irregular calcification or ossification 
throughout the mass often spoken of as “pop corn" 
variety, (Stein, et al.). This is characteristic of the 
tumor. 

Hamartoma (coin lesion) growth of 22 cases 
over one to eighteen years to determine whether op- 
eration is necessary. Usually benign--some cases 
where histologically malignancy and could not be ex- 
cluded. In half of the cases growth was demonstrated. 
No relation to age or sex. No sudden increase. 

Hamartoma tumor is recognized as a distinct 
entity characterized by: subpleural site, show 
growth, frequent calcification and absence of inva- 
sion or other malignant properties. Histological 
structure predominately of cartilage with associated 
epithelial and supporting tissue elements. 

4 cases described and compared with a 5th. 
Diagnosis never can be proved preoperatively but 
calcification demonstrated radiologically in a soli- 
tary, rounded, peripheral lung shadow in a man with 
few or no symptoms is suggestive of the lesion. 

Treatment should be surgical enucleation. The 
name of the tumor it is suggested should be changed 
to “chondroadenoma of the lung.” 


PARASITIC CYSTS—ECHINOCOCCUS CYSTS 
of the lung show at the outstart only very blurred 
images; these later on develop into large well- 
defined rounded masses. The disease is very 
chronic lasting over a period of months or years. 
During this time cysts may disappear and others de- 
velop. High eosinophilia and other tests help to con- 
firm the diagnosis. 


FLUID CYSTS.* Cystic tumors containing 
fluid are not uncommonly found in the lung. They 
are usually rounded and smooth in outline, and 
vary in size from a few centimeters to lesions al- 
most filling an entire side of the chest cavity. They 
may rupture, discharging their fluid, and disappear 
within a short time leaving a normal lung picture; or 
they may remain following rupture as large air cysts 
or pneumatoceles, Peabody, et al. have reported 
carcinomatous development in such innocent- 
appearing cysts. 


PARAFFINOMA OF THE LUNG. Introduction 
of paraffin-base‘oils, such as mineral oil, as a vehi- 
cle for medication into the lungs, sets up an irritating 
reaction in the lung when the oil reaches the alveolar 
spaces (Pinkerton). Macrophages which take up the oil 
particles cannot digest them because they are inert 
and cannot be saponified. They are removed by way 
of the lymphatics and collect in the lymphatic struc- 
tures near the hilum, where the phagocytes are de- 
stroyed and the oil coalesces into large inert masses. 
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Heavy fibrous tissue reaction about the oily particles 
results in so-called paraffinoma formation, Davis, et 
al. have reported cases of lipoid pneumonia in which 
a solitary deposit of lipoid reaction in the lung has 
occurred resembling tumor. There is evidence to 
suspect that such collections may stimulate carcino- 
matous degeneration. 


PRIMARY AMYLOID TUMOR.* This is a very 
unusual type of tumor (Weismann, et al.); it is nota 
neoplasm in the true sense of the word since it does 
not result from multiplication of cell structures. It 
is a primary deposit of amyloid material, not the in- 
volvement commonly developing secondary to chronic 
suppuration in tuberculosis. The amyloid material is 
of grayish-yellow color and rubbery in consistency. 
Its etiology is not understood. There is no manifesta- 
tion of infection; it occurs as a homogeneous mate- 
rial surrounding the bronchial and vascular struc- 
tures of the lung and may invade and occlude the 
bronchial or arterial lumen. When this occurs they 
bleed spontaneously and profusely. 

Reimann’'s classification of amyloid disease is 
as follows: 
(1) Primary (atypical or systematized without 


any other associated disease). 


(2) Secondary (typical of the ordinary form 
which follows prolonged suppuration). 

(3) Tumor-forming (single or multiple local- 
ized). 

(4) Amyloidosis in association with multiple 
myeloma. 

Other rare forms of benign tumor are myoma 
and lipoma. Tumors having their origin in the medi- 
astinal region, lymphoblastoma, neurofibromata, 
dermoids and other cyst-like structures such as 
meningocele may encroach upon the lung. (See medi- 
astinal tumors.) 

A number of other conditions may simulate tu- 
mors during some stage of their development but 
usually there are other symptoms which aid in dif- 
ferentiation. Lobar pneumonia, for instance, may 
start with consolidation of smaller segments of the 
lung, which, when viewed “on end,” give the impres- 
sion of rounded nodules. Of course the high tempera- 
ture and elevated white count indicate the inflamma- 
tory nature of the disease. 

Mycotic infection, especially torula, may show 
as its initial lesion a large solitary more or less 
rounded area of consolidation in the lung showing 
little change over a period of months, without fever 


iil ced ikl DAR es cect cht 
or other signs of inflammation. Detection of the or- 


ganism in the sputum or spread to meningeal in- 
volvement will clinch the diagnosis. 

Aneurysm of the aorta or other large vessels 
may produce a rounded well-defined mass without 
signs of inflammation which remains unchanged over 
a long period of time and may simulate tumor. Angio- 
cardiography should establish the diagnosis. 
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Differential Diagnosis of Solitary Nodular 
Lesions in the Lung 


The problem of differentiation of solitary cir- 
cumscribed nodules in the lung presents itself. No 
physical characteristic of location, size, shape, form 
or outline, or density is specifically diagnostic. A 
small rounded nodule of soft tissue density, which, 
if multiple, would be diagnosed as a metastatic le- 
sion, at once becomes a diagnostic problem if it oc- 
curs as a solitary lesion. 

Good, et al., in a study of 156 such cases found 
that only 10% were really metastatic having a primary 
lesion elsewhere in the body; that, exclusive of these, 
only 25% of the remainder were primarily malignant. 
Of the remaining 68% over 40% were due to granulo- 
matous lesions, representing the healed stages of 
pyogenic infection, tuberculosis or fungus lesion (es- 
pecially coccidioidal mycosis). 

“No such thing as a round segment in the lung 
so first consider why lesions are round.” “°...as- 
sumed it is round because growth progresses in line 
of least resistance. This of course is false because 
actively mitosing tissues seek the most liberal blood 
supply irrespective of surrounding pressure.” 

“,. .. round infarcts follow occlusion of a bronchial 
artery. There is abundent evidence to show that 
round infarcts follow occlusion of a bronchial artery 
and there is much clinical evidence that tubercu- 
lomas are based on thrombosed bronchial artery 
system.” “...as the tumor enlarges it displaces 
the adjacent structures such as the trachea, bronchi, 
esophagus, mediastinal structures and lobes of the 
lungs. 

About 20% of the carcinomatous growths are 
found to be peripheral round tumors inaccessible to 
bronchoscope so that more dependence is being 
placed on x-ray findings. Many such benign rounded 
lesions are being resected because of fear of ma- 
lignancy. Survey of the location of occurrence of 
benign lesions of various sorts of aid in coming toa 
conclusion. Rounded nodular tuberculomas have 
been found to occur 80% in the upper midaxillary 
segment in 12% posterior and only 4% inferior and 
anterior; the inverted wedge-shaped triangle over 
the diaphragm was found to be free of tuberculomas; 
they sometimes contain calcium. 

Hamartomas, cysts and benign tumors show no 
alteration of the surrounding lung, (Kerley). 

Calcium deposits within the tumor of the lami- 
nated type or of the “pop corn” variety were found to 
be the only reliable sign of its benign character, This 
occurred principally in tuberculomas, hamartomas 
or coccidioidal granulomas and was best detected in 
certain instances by body section radiography, 
(O'Keefe, et al.). Rigler and Heitzman have demon- 
strated by planigraphic examination of solitary 
spherical nodules of the lung a notching or umbilli- 
cation of the border which is highly indicative of its 
malignant nature. The absence of this sign is of no 
significance. 

The number of benign tumors appears to have 
been increasing lately, nevertheless the malignant 
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lesions seem to abound. Of more than 500 malignant 
tumors seen in 25 years, 56 were found to be benign; 
33 were bronchogenic adenoma 


7 harmartoma 

6 bronchogenic cysts 

3 vascular tumors 

2 mesotheliomas 

2 neurofibromata 

1 chondroma 

1 fibroma 

1 papiloma 

5 benign multicentric adenomas 
22 tuberculomas 


Kerley calls attention to rapid or sudden altera- 
tion in size as a diagnostic criterion in intrapul- 
monary round tumors. The position of the lesion can 
be helpful. Tuberculomas do not occur anteriorly 
and are also rare in the posterior, middle and an- 
terior basic segments, (80% superior). The bigger a 
tuberculoma is, the more normal] the lung tissue 
around it. They are sharply defined until they cavi- 
tate when they show changes on the hilar side at the 
point of exit of the dependent bronchus. Carcinoma 
can occur anywhere. 

Carcinomas may seem sharply defined on 
straight films but tomography shows slight irregu- 
larities with fine dense strands representing peri- 
vascular and peribronchial strands due to invasion. 
At times they give a sunburst effect. Benign ab- 
scesses have a lobular atelectasis or edema around 
them; hamartomas and other benign tumors and cysts 
show no alteration in the surrounding lung. 

20% of carcinoma in peripheral tissues not ac- 
cessible to bronchoscopy; excision is choice. 

Clues to malignant lesions in chest; 1) size 
and position of rounded lesion in chest, 2) presence 
orabsence of calcium in tumor use tomography, 

3) if calcium in round tumor it denotes tuberculoma, 
hamartoma or chrondroma—d emonstration of calcium 
deletes malignancy, 4) cavitation occurs in a) tuber- 
culosis, b) cysts, c) abscess and d) cysts and congeni- 
tal malformations. 

Felson, heading a panel of discussants from the 
Radiological Society, endeavors to clarify certain 
points in diagnosis of coin lesions of the lungs, illus- 
trates several such lesions. He points out that calci- 
fied deposits in a “coin lesion” may be in front or be- 
hind the spherical growth and appears as if they were 
within the growth on a single examination, or may 
have become incorporated by a malignant growth dur- 
ing its development. It is necessary therefore to 
view the calcareous deposits by two views at right 
angles to each other or to have tomographic studies; 
even these may not express the true condition, itis a 
sure observation to have previous films in which the 
two are seen independently before they have coelsed. 

Cavities have been demonstrated by Felson de- 
veloping in coin lesions caused by metastatic car- 
cinoma; but this does not indicate that all such le- 
sions are malignant. Sante and Hufford have reported 
numerous instancesxin which rounded coin lesions 
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INJURIES TO THE LUNG: 


(FRACTURED. RIBS*. Fractures of the ribs, in 
themselves, are not usually very dangerous; ‘they, 
may, however, by protrusion of a sharp fragment, | 
| @ause injury to the pleura or underlying hing, or if) 
the fragments are widely separated, the intercostal 
3 artery may. be. ruptured | and serious hemorrhage: ee 
‘sult, : z 


An ‘unusual. cause of fractures of the ribs may pee oy 


| cur. from. coughing as a Yesult of the Shearing stress. 
‘which occurs between the origin of the external ob-— 


| Hique and costal slips of the latisaimus doral. Hernia- | 
ie of ‘the: Tong: foes heat: Seeortes Snllonins * mua roe a 
% tures. (Mann), | AER, : }: 
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_| genograns by dark streaks of air beneath the Skin. 





jing up the fascia planes and working in. between — 


the: muscles. ‘Clinically, the condition produces a. 


crackling ‘sensation on palpation ; of the softparts: TES 


air should extend inward into the mediastinum: it be- oe 


| comes: guite @angerous. - Tt produces 2. distinctive 
piRterS. (see mediastinal emphysema). } 
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| the outside air, tonseguently slight hemorrhage: may : 
continue for. considerable period after injury. Bleed: Le 
vacing into the general pleural cavity may continue for” 
many days, even weeks, producing hemothorax ae 
i fluid. Fluid bicod can even be aspirated, from the - 
4 - fileural. eavity many months later, One should not — 
i therefore dull oneself foto a sense ot false security 


| genogram taken immediately after iniuey: e the Dest, | 
‘but shonid make subsequent: examination afters few: 


hours or days to determine any change in the’ pleture, 
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ve | blood are present, will prevent fibrinous pleuritis, 9 
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| in thickness; they will absorb in time if left ta thease is 
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indicative of pneumonia or other infection; it may be 
the result of foreign protein reaction from absorption 
of the byproducts of blood disintegration. This is es- 
pecially true in patients showing massive hemothorax. 
Lung abscess rarely occurs from trauma to the chest 
(approximately 1% unless there has been actual pene- 
tration of the chest wall and introduction of infection 
from the outside. Hemorrhage into the lung substance 
from injury to the lung usually absorbs without mis- 
hap; occasionally however an arteriovenous aneurysm 
of the lung may develop; this appears as a persistent 
clearly outlined, well-rounded shadow well out in the 
lung field. Its pulsation cannot usually be seen, but 

it may be detectable by kymographic study. Roentgen 
examination during valsalva exercise may show some 
decrease in size of the vascular shadow from expres- 
sion of blood due to increased pulmonary pressure. 


If the fistulous opening between the vessels is large 


and the exchange of blood is sufficiently great, second- 
ary circulatory changes may result similar to those 
which occur with cavernous angioma of the lung; cy- 
anosis, dyspnea, clubbing of the fingers and ultimately 
polycythemia. Hypertrophic pulmonary osteoarthrop- 
athy may develop. 


Hematoma from Trauma. Attention has been 
cal illiams to similar nodular appearing 
shadow which occasionally develops after trauma to 
the lung which is rounded in appearance, resembling 
a fluid cyst or tumor which is due to a hematoma re- 
sulting from injury which rapidly resolves or or- 
ganizes with development of a fibrous nodule. The 
history is, of course a determining factor in the ul- 
timate diagnosis. 


TRAUMATIC PNEUMOTHORAX*. Pneumothorax 
may occur after trauma to the chest without a mark 
being left on the chest wall. An automobile may pass 
over the chest causing pneumothorax from rupture of 
the lung without fracturing the ribs or leaving any 
visible trace of injury upon the chest wall. 

Mention has already been made of pneumothorax as 
a result of puncture of the lung from fractured ribs. 

Examination with the patient in the lateral decubitus 
position has been emphasized by Abo, as a means of 
detecting minimal pneumothorax. 

Spontaneous pneumothorax, following even slight 
exertion, may occur from rupture of the lung by in- 
creased intrapulmonary pressure. In such instances, 
the lung may not show roentgen evidence of pathology. 
Pneumothorax in such cases is usually due to rupture 
of an emphysematous bleb on the surface of the lung. 
Rest in bed is usually all that is necessary for com- 
plete healing and absorption of the air with re-expan- 
sion of the lung. Occasionally instances are noted 
where a pleural fistula results and reinflation does 
not occur, even over a long period of time. Intratra- 
cheal injection of lipiodol may result in closure of 
the fistula and reexpansion of the lung. Where this is 
not successful, dusting of the pleural cavity with tal- 
cum powder at open operation may produce pleural 
adhesions and reexpansion. (See mediastinal emphy- 
sema). 
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TRAUMATIC PNEUMONIA. Pneumonia some- 
times follows trauma to the chest even where there 
is no fracture, contusion or laceration. There is 
usually a latent period of three or four days before 
the pneumonic consolidation develops; pain may be 
an outstanding symptom during this period. It is of 
the lobar type and runs a typical course of lobar 
pneumonia. This is a very rare occurrence, how- 
ever. Contrary to observations of some other publi- 
cations it is our experience that actual pneumonia 
rarely occurs as a result of trauma to the chest 
(Phillips). 


TRAUMATIC RUPTURE OF A BRONCHUS 
near the tracheal bifurcation has been reported from 
accidental injury, (Hodes, et al.). This resulted in 
permanent occlusion of the bronchus forming a blind 
pouch with permanent atelectasis of the lung. 

Injury of the lung structure from explosion 
from flash of the flame into the lung results in an 
immediate picture of oedema and hemorrhage into 
the lung structure; dilatation of the heart with pulse 
rate as high as 140 per minute, and extreme shock. 
This may gradually clear within a few days or may 
cause death. 


EXPLOSIVE OR “BLAST” EFFECT ON THE 
LUNG (Savage). The subjection of the thorax to in- 
tense explosion results in production of more or less 
characteristic pathological fesions in the lung. Mul- 
tiple capillary hemorrhages in the periphery of the 
lung coalesce to form areas of alveolar and intersti- 
tial consolidation over the surface of the lung, often 
most pronounced in the costophrenic regions. 

Roentgenologically this condition gives rise to 
a diffuse “fluffy” mottling somewhat similar to that 
seen in silicosis. 

At autopsy the lungs were large, but in most 
instances did not show significant changes on the 
surface. Only on section was the “spatter” of hem- 
orrhages evident. 


Traumatic Torsion of the Lung 


This extremely rare injury presents on x-ray 
examination, “a curved striated pattern extending 
from the hilus upward to the apex, with a partial 
pneumothorax”, In the case reported by Parks, death 
followed six hours after an automobile wheel passed 
over the chest, 

“At autopsy, the left lung was found to be ro- 
tated anteriorly with its base assuming a superior 
position and its apex in an inferior position. The m- 
version was 180° above a transverse (coronal) axis 
through the left hilus. Tne curved striated pattern 
represented the inverted vascular trunks supplying 
the left lower lobe then in the apex of the left thoracic 
cavity. The torsion was believed to have been brought 
about by the sudden compression of the left lower 
chest by the weight of the vehicle causing displace- 
ment of the lower lobe cephalad, The sudden release 
of the pressure allowed the expanded upper lobe to 
move more caudad and occupy the space normally 
filled by the lower lobe.” A similar case has been 
previously reported by Stratemeier and Barry. 
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. THE PLEURA. 


psoas: THICKENING OF THE PLEURA* (ig. 485). Dry | 
See gicuriay occurs aa a result of infection, inflammation, | 
or trauma. applied to the chest wall. Whatever the _ 
Cause, it appears yoentgenographically as 4 fine Ei: 


bon-like shadow ranning along parallel to the chest.” 

wall at the outer margin of the lung. Ordinarily, he 
normal pleural covering of the lung does not show. on. 

‘X-ray examination, only when it becomes thickened » 


from infection or inflammation does it become. ee ue a 


dent. In the early. stages | of dry: pleurisy,. PERRET: 7 
when localized to a small area, plenrisy may not be © 
evident at x-ray examination; a pleural friction rub. 


may be clearly demonstrable and yet no thickening of 2 


the pleura may be demonstrable roentgenographically- 
The effect of rest, chemotherapy, and early aspi- 
ration in tabercuious pleurisy was studied hy a con~— 
trolled trial on 169 patients, Kept under ohuervaHon: 
for two years, (Forgacs). 
: @f these three components ot treatment onky 


| chemotherapy. influenced the course of the disease: ae 
Its most {important effect is: the prevention of contpli- 
‘Cations doe ta dissemination of tubercle bacilli, 
-Chemotherapy probably shartens the pyrexia! stage of: 
the iliness, but does not hasten reabsorption of the Bey: 


fusion, it exercises no ‘control over the development — 
of the primary complex and fails to prevent, welnfece 
tla: of the pleura. 

: Early and intensive apcivation has no advantage” 


over the congervative management of the effusion,: = = oe 


The incidence of complications among patients — 
treated by rest alone was not affected oe the 
period of  Beadeased = Seetetee callie canvaleneenne. | | 





TRAUMATIC PLEURISY*. ‘Dry y pleatiey tltowing | 
injury to the chest is not an uncomman occurrence, 
It follows about three or! four days afier trauma to” 


the chest. wall-and is represented roentgenographical~ | a 


ly by a thickened pleara over the site of former 
trauma; it.usually subsides: and heals spontaneously 
3 ‘wltnoue, b lente Sisability with strapping of) the chest. - 
PB LEURAL £ FFUSION 


Nee IN ee LEURAL CAVITY" (Fig. 7a6h large 


effusions. free. 4n the pleural cavity frequently oc- ee | 


cur dni, inflseienidion: oF Sr As Hula collects 
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in the gieural cavity. it poavttates to the most de-. 
pendent position, the costophernic sinus; this is 
the first portion of the lung field to he ‘pbacore® 
As the fluid continues to increase in quantity it 


fille the lower portion of the thorax pressing 


against the elastic air-filled lung, Being attached 


at. the filam: region only, the lung is free to Meat up<. - — - 
| ward on the surface of the fluid at the periphery, a 
As restrained at jis central atiachment. This im- 
‘parts a curved upper. border to the fluid line extend Be 
i Ling from the midline upward toward the axilla, = 





| Poentgenological evidence of the “8* curve of Ellis 
“demonstrable on physical examination (Fig. 186A). 


As still further accumnlation of fluid occurs inthe 
- chest, the lung is floated upward and becorhes com- 
pressed along the mediastinal border; sinve itis al- 
| most. impossible fo express all of the gir fromthe ~~ 
{| ining in such @ manner this gives rise to an impor-. 
| tant clfferentia! roentgen sign in: Magnosiscot pian 2 oe 
ee | effusion, namely, the presence of a remnant of Aer a 
ee jung: alotig the medial side of the apex (Fig, 
} 1868). Pneymonic consolidation, on the other hand, ©. 
“produces a uniform: sbhadaw. Very jJarge. pleural ef-. 
fusions, by. their weight, cause shifting of the medias- . : 
tina to’the opposite side: cider such: circumstan- <° 
ces the remaining aerated portion of the jung on the. Ss 
medial side of the apex may be displaced behind the 
“Smeiilastinal Shadow and not be. visible, but the me- 
5 | diastinat shift in itself is: enough to: ‘establish the di- 5 
agnosis (Fig, LOGO), “Any condition which gauses a 
loss of resiliency of the hing euch a& bronchial ab- oe 


struction, emphysema, infiltrative emidate, either. 


_Anlectious « or wre NSN, ele cause a variation 1 in p the & 


Fig. 186A. 





Fig.186B. 


| phragm. inte the pleural cavity. (Campbell Waa 

: Martations is the shadows cast by small seller. Ray § 
tions of pleura} effusion cause unusual pictures which | 
are analyzed best under different quantities and types 1 
of involvement: (Petersen). a 
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curved upper border usually assumed by effusion ~ 
free in the pleural cavity, causing it to take on the - 
appearance of a ribbonlike density along the Sertnh 


eral margin of the lung field. Very small collec- 


£3 “pan the tibereutin: test, ., (Murphy). 





aA 


Numerous authors have: pointed but: this significant 


| Tact, *The renewed interest in the tuberculin test is. 
| due ta the enhanced signifleance tn the face of the 
slowly decreasing level: a tuberculosis: infection. in. . 


the general popuiation.. .. is many areas today a 


positive reaction in a schoolehiid piepette the focus 
: of Sebeee es, tnfectton.” oe: 





PLEU AS , EFFUSION wrrH ‘PNEUMOTHORAX*. 


ped Fig. 287). When there ts associated pnedmothorax,: ~ 
| pledtat fuld seeks a straight line fluid level, gince —.. 
| theré fa wd- elastic ‘body Tor it to press againat.. Tithe 


patient lies prone the Huid will spread itself out in a 


| thin layer on the auferior cheat wall ao that it may.» 
eacape detection entirely in the : Kopenannnrent z 


tions of pleural effasion hidden in, the posterior cul- | § ve 


| de-sac beneath the dame of the diaphragm tay be 


detected by examining the patient while lying on the 


alfected side (in the lateral decubitus); this position 
. \pemmits the fluid to flow readily. up along the side of | a 
othe chest hetween the free margia of the jogs and the Se Sse 
: cu aneat wall (Fig. 186D) (Rigler}. : eg 
wo Deal effusion occurs most commonly. asa ree 4 
aN “gl. of irritation, exposure ta enid, trauma, polmo-= eee 
O00) eure congestion from failure of circulation ar gedema |. 
oof lungs. omay accompany infection either direct 4}... 


Fags l87 |S 





Or a8 @ sympathetic effusion from some adjacent in-. ‘ | ‘ ¢ 


fection euch as pneumonia, tang abscess, or subdia~ a ae 


matic abecess, tt may be due to metastatic — 





“pl 
aie malignant: invGlvement.. ‘Qader unusual circumstances. 
pleural effusion may be caused by rupture of @ sub- 


phrenic abscess (amebie infection) thro 


Having detected and paced darinhee of the flutd 
examined for pyogenic. infection, tuberculosis my- 
eatic organism, bload, L. E. celia asd neoplastic le-. 


anne of Ee. = pins. erent Sellance may | be placed 





“fusion may dDecome ent : : 
«| the pleural layers wherever they come in contact with - 
gach other. ‘This may be at the periphery of the lung’ 
between the parietal and visceral pleura (Fig. 188), 

or tn the interlobar spaces (Fig. 189). Localized — 
pleural effusion, no matter where it occers, presents ree 
certain SAE REL erIStIOS namely, a dense shadow at 


he the dia as 


; LOCALIZED PLEURAL EFFUSION* Pleural ef- 
ed by adhesions. between 








pect of the chest it may be necessary to examine the 
; patient Seana te anon a ay ; pont ioce: m 


ee 

a.” 
i 
! 
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Fig. ‘ ae : | : Q & | Fig: 1898. 


collections: wnay be diaphragmatic—-int rapulmonary,” 


phraga: and the lower portion of the lang: or. aloag the (| 
ramediastinal | 


mediastinal border (Pig. 191), ‘Buch. 





 tollestiona of localized. effusion Daay: extend entirely os 


along the ‘mediastinal margin or they may be con- 


fined to the “upper or lower portions. Phe location of eps Ny 


the short {iseure on: the right side often is the site of fa and buldge into the chest a a lanes: well ¢ ae me 


“the boundary of the localized effusions. In the bases | 


they assume a triangular form, Examinations made 
in the upright | 

will aveid many pitt Is in diagnosis, 
“Localized effusion on the anterior or ‘posterior 





es Ne ch eheat x wall say. encuey auch: a oes shadow in the 





: gnietior: view of the ast that tt may be es 


the lung in. any position. should be investigated in ail. 
positions, 


‘When the: interlobar space is the site of localized es 


pleural: effusion, 3. lateral view of the cheat may. be 
the essential factor in detertoining * the diagnosis: 
(Figs. 192A and B); at such examination & shadow: 


running along the interlobar septum indicates inter-_ SS 


Oper RUS: The Se tons ericen! detail be. of wid 





RS Woe 





Fah ae 


| ede to view. ‘the eelibottion ti profile. Buch n localized as detecting this condition: eee Manual, of Aoentgena- 
A Jagie thurke 

(Rothateln and Landis), (Fig. 190), between the dia-— e _ effusion, ox collections of flaid between the parietal. - 
o | pleurh and the chest wall, are occasionally encoun — os 
fered especially in patients who are undergoing — 
ae treatment fot, tuberculosis 4M Levine 


e), (Levitin). Justa of extra. pleural 





A large sienabomele may erode: through thes spine 


af fined rounded tumor mass. 


sition with inspiration and expiration | oe 


ee Riu Wek) a 


_ PREUMOTHORAX* ete. 193). ‘Nommalty the 


Peace oleucal cavity is only a potential space, The visceral. 
.. \) pletira covering the lung is in intinvate contact with é | 
cee S20 hee parietal pleura lining the chest cavity, Not until 

2203 8 the pleural space becomes filled with something, = — 
| sitehas fluid or air, does it become an actual cavity. SS 

_} Since there is a negative pressure within the pleural — 


overlooked in the roertgenogram, ‘The vague indica~ = cavity. any connection with the outside ‘atmospheric. 


‘tion of a fluid level or a slight increase in density of : _preasure will permit air to enter, allowing collapse” 
| of the long from its natural elastic recoil, A flap. 
valve action. of. the: pleura may permit building up of eq 
safficient preusure within the pleural cavity to cause. ee 
| pressure on the mediastinum (q,v.); pressure preumo-~- 
ae thorax, With pressure pneumothorax a weak spotin — 

“the anterior mediastinum: ay cause bulging into. the” 
z _ Opposite tung. Held. | 


si 1925. nin Lag 








biaabadonitast OF RESPIRATORY: DRANS 





sults in remoyal of t! 





Fie. (938 xen 

9.) | “with taileum powder may cause pleural adhesiaas and. 4 Ss 

“0 o) reexpansion of the {upg os. operative procedinxe: BBR eet 
‘De necessary. eee 


‘Cuhaequenk recurrente may- develop, however. “The. | 


op Meitee has encountered a case in which five. attacks: 


ncecurred within a period : af six: montis; one full ‘mooth py 


ae : of bed-rast yaeeulted tn: complete. healing, na gubse~ H Se 


quent attack having ovcurred for more than.twenty — 
years. Occasionally eases are: ancoustersd: where: a 
pleural fistula is. established and veexpacsion does 


: not occur, Intratracheal injection -of lipindol. POR i 
occlude the figtulus opening permitting reexpansion: at i nie 


the lung. . If this fails, dusting of the pleural CaWRILY.. 


A survey of the incidence and types of spontaneous i 


gna pneumothorax was made. 


Population: covered was about 180, 000 aid period 


Roent en idigitestaiiona: Conlapee's of the Tang: re- : : 1947-1958. 


1@ lung markings from the outer | 


ee of pneumothorax were By 


portion of the lung field. The outer gone of the lung 


field ‘assumes 4 darker, more homogeneous: appear- a 
ance; the Seeit of the: ‘eollapaed dung can be eaey : 


traced: 
Phe degree ‘of collapse of the jung. is dependent.” 


upon the size of the opening into the pleurat cavityy - oe 
the larger the opening, the greater the amount of air | 


which can enter with each Inspiration. - “with: a ssnall 


opening, the lung will not continue to collapse to ite et 


ratory phase =| thorax. Re 


smallest. sine, since with the neat ¢ 
‘part of the gir will be expelled through the Bpeeiee 
in the chest wall as well as through the natural 
channela;, an equilibrium is. Rapidly, established, 


BILATERAL PNEUMOTHORAX*. “The lung. 4a 





this partially collapsed state continues its respira. aN 
tory function to Sonie extent so that if too great cols: | 


 Yapsé is not produced it is possible for an Anivitaat 
| to live with bilateral partial pheumothorax- : 


ARTIFICIAL PNEUMOTHORAX, -Aptiiesal's 


as ; ‘mothorax: is used very extensively in treatuent ot 
pulmonary. tuberculosis, sometines bilsteralty. 





ms | ANEOUS PNEUMOTHORAX, | Seay 5208 
joeueiothotase occurs most trequently as a. ‘result ae 
disease process in the lung. Many instancés sre en- 
countered, however, where no disease process is 
demonstrable roentgenologically. ‘Lang collapse: with 
poeumothorsx occurs suddenly atter ‘exertion, often - 
of a very trivial character, Such instances: Bre prob 





cs euttace of the pleura. Rest in bed usually. results, in 


| Boe healing of the rent and t abeorption of the air within a 
dee weeks. 


Three methods: hase ‘enn tried by. Leteintun, re ae 


tn the treatment of spontaneous pneumothorax: ‘those 
SS os showing no definite associated disease, simple rest 


“ta bed resulted In reexpansion and cure in 12. days; 
closed thoracotomy, consisting | at ingertion of 3 
catheter in the second interspace anernly: anid: 
mairitainence of suction for 2 gaya; in “cases ne 





which tt wae succesafial the 4 average tune: for Peex~ “Ey : 


pansion was 2-1/2 days, it was. much Auleaer and 
effective than x Eepeated mete Shek 


oe : my 4 cases sean with inactive tuberculosis. 


yaa genic. infection of the’ Lung, fab ow ing: Btap 


prient~ | 1 
! | EMPHYSEMA—-MEDIASTINAL EMPHYSEMA. Rup: ees 
‘ture pia pleural bleboor. ‘balla. usually: results. in 


‘| across the’ TOO: With, earth: heart’ heahs. 


j urdese there is. certainty. thatthe ape ration weil Fess os 
eve, the Aracheal sbatepetion, and: eliminate the. oe 


Da. “{diopathic? spontaneous pneumothorax in 710. 
patients (4 bilateral). yr 
‘to 4) there was an ‘etiological factor. Only i de: . a , 


a “re BC alter a three-year. interval: 


ee deaths due bt pert bec the e phowniothoras, 


Stent often due ey b complication of artificial | pneu moe oe oe 


“3. Spcntaseehia pneumothorax ‘areoupany tie pyos- = 23 SF 

7 oe inlections: 
1 pneu in infants — eee 

-abstess, secondary earcinoms ot the e lung and 





SUPRA sonceds:. | Ee eee Re oe ‘ 


A QPONTANEODE 0 INTERSTITIAL POLMONARY 





Spuntaneods ‘paeumothoras: bechuse they. mre: cy 
so ‘superticielly docated. Wery Farely. Fuplare. Tey be i 
“inte ‘the: inte xstitial tiss aes ‘at the: dung: Reerdheiver.; 


: and Whitehead have. been able to shaw the résiltent. 


mir. yet. Aythe interstitial tissue of the long.. Sea oe Se 
Yersing the interstitial tissue and’ vascular sheaths - 
“to the ‘Billum, the 3 air dinds its way: to the, one diastinurs | 


big ieee fgoso here it passes: upward éxtending into, the $ishia: “ 2 
| cutee cus: Masues of the neck, The Symptons. ‘Sriay: hee ia 
“—97e ry severe simulating coronary oEtlusion, “Chinis ee 


i cally: a taud clattering: sound may be heard. almost > - 
‘This 1s due” ‘ets 
ote the. heath beating aginst: the nircfilled mediasti- 
tum.” Death, miay result feom pressure ofthe wir - 


bubbles: within’ ‘the vascular sheaths ° Mediastinal 
op emphysema is a dreaded complication od tracheoto- St 


iHy operations af this type: should. mot be. unde rigken 


“Roentechograiticatiy tere is ph: elite Nintar 


Pee be ‘det reased: deveihy. Satlanteig! ‘the. kien xt Aue to": 





3 See callection of Ait in the anterior sie fiastinum: in Spank: 
oS SOF the heart, - A needle thrust fate’ the: anterior medi« 2 
> agtinal ‘pate: anay be a a Hife-anving. measure. 


‘air in the mediastinura giving the jaoprekaton ‘ofa Be 


: = oo thale®, about, fhe heart (Fig. 2078). An addition air 
“ean Be seen i the cellular tissues of the neck. Las 


 teralowiew geacrination of the chest shows & derge | 


may result from trauma: applied to the chest wall 


without fracture of the ribs or in: fact without even a = : 
passage of an automobile: tirel = 
 -gerosa the chest: ‘ot a young child may produce. such & 
result, Several instances of pneunothorax : have been AES 

e ‘dar was found and numerous pleural nodnigs. th” 
4 months later patient still symptomless. ‘ 
‘ana of a frac = SS 


mark on the chest. The 


encountered in divers, striking the sertace: of water. 
| flat ‘upon the chest. : cag 
“Puncture of the tung: from: the ah lacy 
tured rib or as a result of stab wound of the chest — 
may result in pneumothorax. : Tf fluid is. assaciated 
with pneumothorax it takes on a straight - «line finid 
level in the mast. dependent portion, which changes 
with change of position of the patient. 
Present date treatment by closed thoracotomy is 





recommended by Lefemine et al, because of its et = s 


fectiveness in shortening the time of treatment 


necessary to etfect reexpansion, 12 days. This: con= : y 
sisted of insertion of a catheter into the closed 
thorax in. second apace and tateenu ent a auction for 


: eee EEE ney : 
S “tumors c OF THE. PLEURA anes CuEStT WALL 


ne 194), (Hochberg). Primary tumors of the pleara | 


-are very rare. Those moat frequently encountered 
are endothelioma. (mesothelioria), and sarcoma, 


es Regardless of type they present a siinilar arated } 
» Jogieal appearance, Since they cannot in:-their growth. 4 


expand outwardly on account of the rigid: ghest wall, 


effusion at the periphery of the lung. Sometimes they. 
may protrude between the ribs to the outside, produc- 
_ing rounded notches of pressure atrophy on the ribs. 


as the dumbell-type tumor passes through the inter-. 


space, Later on in their course they may cause as- 
sociated pleural effusion, Often they. form multiple 
small nodules studding the entire pleural cavity. Ase 
RICK ¢ oe the fats. mad 8 supeeiiog s aly wilt pert 


Fig. 194” 





| on either side, Their excursion during ae 
ean be clearly visualized fluoroscopieally.. Their 9 


_ PRINCTB LES OF ROENTGEN INTERPRETATION 


7 ‘thetr ‘toentgeneraphic Aeiioaabeatiie:. If the Rae 5 
 }omoves with respiration it la attached to the lung; if it: a 
|) Yemaina fixed it is an indication that it probably ita 
—} StQY confined to the chest wall, {Blount}, Finby: ane. 
-| Steinberg have pointed out that solita 


ry promary ‘plea~ = 





Fal tumors. of this type may prevent benign characte 2), 
~ {teristics for years; but when they show rapid multi. ~~~ 
-} plication throughout: the pleura they become realign : 
TRAUMATIC PNEUMOTHORAX Pneumothorax. | a ra, 
| chest. X-ray showed: ROLspee,: consolidation and eff. A 
sion in chest at left base. = 


Summary: Middie aged woman sudden pain. in: 


“Findings cleared on antibiotic therapy to leave | 5 


cS rounded opacity clase to left border of heart. 


At thoracotomy a myxomatous tumour in thie ity < Me 


SECONDARY. TUMORS oF PLEURA, “Sekoniaiy © 


= {| fumors: of the pleura produce a very similar appear- 
} ance; they are usually: multiple, however. 
| | of malignant growths may cause metastatic involvye- — — 
4+ ment of the pleura but the one in which such involve= se 
5 ment seems, in our experience, to be the moat fre<. z ae, 
quent, ta hypernephroma. Such secondary nodules. ~ 
| may be mistaken for primary tumurs, since eens ees 
i -hephroma, in its original site, may ‘remain dormant = 
bi ang time and: ae fot incite ees anda ra eee 
Ave Ls its Presence, i Ky oe “Ou 


fora” 





" PANCOAST TUMOR ‘fenuwl: Pheae + cenreeent's 


Zt peculiar group of tumors: Bescribed by. Pancoast ac~. A Ne 
| curring in the region between the root of the neck 0.0 
and apex of lung, They give rise to a pecullar: elini- ae 
f£al syndrome resulting from involvement of the. 2° - 
brachial plexus and cervical sympathetic chain, 

“This consists of pain around the shoulder and flown Bee 

the inner side of the forearm on the attected side, 
they naturally extend in toward the. compressible. tang. | aoe aur masa oiean | Horver’s Syn- 

Their margins are smooth and rounded and they pre- . : . 


- sent a picture indistinguishable from localized pleural} 


818. 0! ve up= - 


per. per eyelid, exophthalmos: and anhidrosis of face and § se 
neck. oe 
~ Roentgenologically the Pancoast's “Superior Pul- ee 

“monary Sulcus T 





umor”™ shows a sharply defined a= >, ss 
daw in the apex ‘of the lung, destruction of one or 


| more of the upper three ribs posteriorly, erosion of 
. the transverse processes and bodies of the corres- ~~ 
ponding vertebrae. There. may be slight qndentation ~~ 


and displacement of the trachea te the opposite Bide. 
“Microscopically they are produced by a variety =~ 


| ot. Gifferent cell tumors,” ‘Some feel that they may be % = 
-bronchisgenic in origin. oe 


Few are operable. Xe ray ihecany:s may be used 


7 for paitfebion: 8 ne Average t BaNIT is. Capon: 13. 
; monthy,. iS 


“DIAPERAGM : 


“The bo eaves of the diaphragm (arnt fitrénnias : 
colar: partitions between. the abdomen and the chest 
respiration. 





contour is normally rounded and smooth, with dome- 3 


shaped upper borders. This. dome-shaped charac- 


ter produces:2 deep sulcus where the diaphragm | at- 


eistiisdy 


Many types 


Sek ; 
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taches to the chest wall. ‘Rateraily, ‘his ‘gaicdn is. is mg 
known as the costephrenic anglé or aulean: medially, vay 


as the cardiophrenic angle or: ssultus; ‘posteriorly . 


and anteriorly, it is referred to as ‘the posterior and : S 


anterior costophrenic suleus. respeciively, 


| DIAPHRAGMATIC ADHESIONS (Fig. 195). The” 
smooth rounded contour of the diaphragm may be 
disturbed by. diaphragmatic adhesions, Any inflam- 


matery process in the chest, whether by pyogenic or 


tuberculous infection, or by new growth, fitin- 
volves the diaphragmatic pleura, may result in dia- 
phragmatic adhesions, Roentgenolovically this con= 
dition is recognized by sharp upward projections in. 
the diaphragmatic contour known as “tenting of the — 


diaphragm,” Fluoroscopic examination shows re-. 
striction of the apicesmete movement in these SS: 


Fig. 195 





basta < op 1s dbep inspiration: Avecntbatinw of the 


costal attachments gives a somewhat similar. appear-— | , 
ance Se that aa* are 2 uniform ss oe and Is- Bf Pleuriay. ceuaines estvatie ale. seni oan: ae does 
aes : | notinvolve the diaphragmatic pleura itself, will re- 

Vaake “sult in immobilization of the diaphragm. A good ex- 
‘ample of this ts seen in lobar pneumonia; although 

othe involvement may be confined to the upper lobe, 

a the pain incident to the associated parietal pleural 

‘}{ davelvement will reflexly cause immobilization of = 
the diaphragm in a bigh position. If inflammation or — 
infection 18-confined to ‘the lung or interiobar space, 
pain is not an accompaniment and diaphragmatic is 
movement is not restricted; as soon as the infection 
Spreads to involve the parietal ‘pleura, pain. results ee 


cation, - oe ee : 


“SCALLOPING”. DEFORMITY pF. tHE DIA- | : 


PHRAGM {Fig. 196). In contradistinction to the tent- a 


ing type ot deformity, the diaphragm may show a. 
“scalloped” appearance, with paints: downward pro~ 
ducing smooth rounded portians projecting. upward | 
toward the chest. 





ep Or may bec 


“Simultaneous foduchion af pheurio-’ | i 
thorax and pneumoperitoneum indicates that this isdue ° 
to aceentuation of hs Eaeiat attachments of the se muscular } 


. ee 


* pegmienta: of the sitapheuets: It is of no significance. 
8B an indication of active disease. 


Bulging of a Hail seginent fosually. ihier) with a | oS 
‘rounded relaxed portion may be the result:of trauma - 
congenital. i probably represents a local- 





3 : 4 teed. partial herniation. In our experience: it is seldom: 
| of any special importance. Such casea have been re~. 
ported by Rossetti, and Hollander. and Dugan; 2 


- Adhesions are apt to occur. where HOF ieee come E 
in contact with the diap nr Soh Pee 


"IMMOBILIZATION OF THE tLAPRRAGM wig 





| 197). Any inflammation or. infection of the partons 
| ‘pleura above, or the parietal peritoneum beneath, 
results. in immobilization of the diaphragm in a ‘gh 
. Boston: | ‘Nature's effort to sont the. diseased: Aree 





NENT. = 


and diaphragmatic invaobilization develops. = 
Inflammation and infection of the peritoneum be: at 


Tow the diaphragm may likewise result in immobili- are 


zation in a high position. This is frequently seen as. ao? 


oa postoperative observation where there is pain — 


from insult to the parietal peritoneum, Subdiaphrag= a 


| matic abscess results in immobilization also; infes= 
tion in this location cannnt usually be demonstrated — 
SS. except by ‘aid of pneumoperitoneum (q,v.). This de= <_ 
Figed96 |. 
| due to spasm of the diaphragm, spastic contraction 


fense immobilization of the idaphgram is in nd Sense : 


- | should be da a low position; nor is it due to. paratyzia, 3 
4 gincee with paralysis. the diaphragni should bea flail 
= “aembrane free to respond to any changes ln preamure 
between ihe aes cavity, ane: the: noaaEen: we 


278 


- Subdiaphragmatic abscess. may give flee to's a ‘sym- | 
: pathetic serous effusion in the eure cayty: above ea 


the diaphragm, (Beye). | eS ees 
“PARALYSIS OF THE ‘DIAPHRAGM. ore: 198). : 


> Complete paralysis of one side of the diaphragm re-_ 
sults in so-called “paradoxical action"; that is, when - 
the uninvolved side: goes down on inepiration, the par 


alyzed side ascends, This is aye. ‘ip trandwmission of - 


the increased abdominal pressuré pesultlog: irom de- Z 





reasion of the normal side to the uuder ‘Surface of 
paralyzed side causing it to asce end. Complete 

paralysis of the diaphragm, however, pd 
comatered: even. after section of the phrenic: nerve. 
as: sutic measure in tuberculosis, the whee 
nomanan may not corel ‘This is. probably due to 











Parely en~ = [> 
cae phiagmietic: hernia, oggurring in infants wad: find Ree 
| 2 tad argely inte 3 groups: the jargeat group, 41 of 
jowhich were unilateral invelving the paaterolateral 
eb muscular aegment Bf the Hiaphra grt. “The ‘twa. vemein= ve 
3 Ve smaller: ‘groups, comprise those which involve: She S 
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eae: with: puavieatien a : condition. which will distin~ oh 
guish it from’ immobilization of the Waphragin in a a : 
| high position due to inflammation. However, tk. Toa ah 
| be pestricted-in its: excursion at even show: some sry: 
fe paradoxical: action depending upon the dagren: Of mise. a 

‘celar development, Instances ‘have: beer encountered : 
where the elevation Was oo great {extending ta the < ef 
aR ee: iby. Aba: the. stomach. spleen, most at the small. sat 
Ste intestines ie portion: ‘Of the colon were displaced ~-. 
high ap inte the thera cin: ca. Bes: WHatension of the’ tern ee | 
: = ath and intestines: pesulted in media sting! displat wea. 
: | ant, und pressure On thé recurrent laryyigeal nerve}. 


Reed and Lang have reviewed 45 cases of. dias oe 


re oe S esophageal hiatus, AZ in amb x ‘and: hase: involving — 





as Pig. 198 = 


| ANOMALIES 8 OF HE ‘DIAPHRAGM. “Bey ve acai’ 


| sien ‘of anomalous | Seenlonasne af: the e dlephca nt 
ork re eneuaatered. eeeS tS Se ere 





te condition: ‘in which the: -diaphsagm. persists. ins: ai un i 


Ss “usually, high: BUESH PE Tee on es, deft. side. Tt wee 3 E 





| Fig. 199: 


the anterdmedial or tendinous = ASuRERS of the dias. Sse 
| Bienes Sin number. = 


The first. most carimon type. is ghast danger pon 


ous, ‘being: the type roost commonly attendant with — 
réspiratary embarassment, Plain: foentgencgrams. 


are ue Ga Thy ah that are: WECeSEBry- for dia Rnonis.. 


They prodice: a mass filling the lawe®: falf te iwo™ 


thirds of the hemithoras, usualiy with fot: seesias Ee 
displacement af the: mediastinura’ to the: ‘opposite: side, SA 


ew er 


! absence of hemidiaph ra grt’ tt ‘thal aide: ‘and of wean ees 
vod tilted ‘Yotestines tn the abdomen, aaith as aally. WR rs a SE 
. esppha yes ‘of normal eee There’ rae bes an aplas- Ses 


fies sae hypapla atic Aun. 


| “DIAPHRAGMATIC; HERNIA. A eh. 200). Dies 
phragmatic hernia may be acquired by: savers Arama 3 
te the abdomen or may be: ‘congeniial, ae <S 
“ Balging of a flail ‘seagnent usually Seer) with 5 ‘ 


i rounded telaxed | ‘portion. may bathe pezuit of trauma 2). 
ie “ar may He, congenital. - Tt. probably Teprasents a lo~ ; haeee 
‘alized partial herniation, In our experience itis. 
ve | seldom ol any 5 

en ee ae a nen. reperted | by: Rusetti, and ‘flolander ‘and Dagar. 
EVENTRATION | ie FS oe “Bventiation 3 ix, a. . aps ese 
me ‘Aapare ak. structure ig nxt so well protected. Ase: 
Hail beanie): sac E Bane naite Fate ‘the cheat Ecbelty may 


special importance. Such cases have ~ 


OVE: usually etcurs on the bett side, where the ne 
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contain large portions of the stomach, small and 
large intestines, and other abdominal organs. The 
occurrence of peculiar shadows above the diaphragm 
especially on the left side should always be investi- 
sac protruding into the chest cavity may contain 
large portions of the stomach, small and large in- 
testines, and other abdominal organs. The occur- 
rence of peculiar shadows above the diaphragm es- 
pecially on the left side should always be investi- 
gated. The administration of a barium meal should 
show clearly the presence of these structures in the 
chest. The herniation of these organs may be re- 
duced at times with the return of all abdominal struc- 
tures to their normal position beneath the diaphragm, 
so that the appearance will vary at different exami- 
nations. Hiatus herniation of the stomach back 
through the esophageal orifice is probably the most 
common defect. In such diaphragmatic hernias ul- 
cerating erosion from trauma caused by constant 
irritation at the margin of the hernial orifice may 
cause hemorrhage and anemia; the ulcers usually 
cannot be detected on roentgen examination. Herni- 
ation through the right diaphragm is a very rare con- 
dition but it does occur at times; it may contain in- 
testine or only a lobule of the liver. Intestinal coils 
between the right diaphragm and the liver are en- 
countered without actual hernia. 

Diaphragmatic hernias in infancy as observed 
roentgenologically fall into three groups: 

1. Unilateral, involving the postero-lateral 
muscular segment; comprising in this series 31 of 
the 48 cases. 

2. Involving the esophageal hiatus of which 
there were 12, and, 

3. Those involving the antero-medial or tendi- 
nous segment of the diaphragm or septum transver- 
sum, which were 5 in number. 

Pleuroperitoneal hernia is the most common 
type of diaphragmatic hernia, and also the type most 
dangerous to the infant. The condition must be kept 
in mind as a possible basis for respiratory embar- 
rassment. Plain roentgenograms are almost always 
diagnostic. A mass is demonstrated in the lower 
one-half to two-thirds of the heithorax, usually 
showing fluid levels, displacement of the mediasti- 
num to the opposite side, absence of a visible dia- 
phragm on that side, absence of gas-filled intestine 
in the abdomen, and usually an esophagus of normal 
length. The possibility that the lung may be aplastic 
or hypoplastic rather than merely atelectatic should 
be considered. 


CONGENITAL ABSENCE OF ONE SIDE OF 
THE DIAPHRAGM. A number of cases have been 
reported in which there was congenital absence of 
one side of the diaphragm. Oritt and Hyde have re- 
ported cases of pneumothorax associated with spon- 
taneous pneumoperitoneum from rupture of an ulcer 
due to a hole in the diaphragm forming a communi- 
cation with the chest. 

Buddington has reported bronchial cysts re- 
sult from defects of embryological development. 
Usually in thoracic cavity, but may be in abdomen. 
Exploration and surgical removal is treatment of 
choice. 


279 


DIAPHRAGMATIC “FLUTTER.” A rare but 
interesting disturbance which may affect the dia- 
phragm is diaphragmatic “flutter.” This is a condi- 
tion in which numerous secondary contraction waves 
become superimposed upon the ordinary diaphragma- 
tic contraction. These are rapid, fully 240 to 300 
per minute; they can be observed fluoroscopically, 
occurring simultaneously on both sides. A peculiar 
shuffling sound over the anterior portion of the chest, 
which accompanies the phenomenon, gives the im- 
pression of a rapid heart beat. Tracing of the dia- 
phragmatic contractions, likewise, reveals the sec- 
ondary waves; the electrocardiographic tracing is 
essentially normal. The radial pulse is normal and 
slow, 60 to 88 per minute. It may be accompanied 
by severe precordial pain, giving the impression of 
an anginal attack. 

Phrenic nerve crush (both sides) sometimes 
relieves the condition and all symptoms and signs 
disappear. In other instances, the condition still ap- 
pears at intervals. The cause of this unusual phe- 
nomenon is not known (Porter). 


MEDIASTINUM 


The mediastinum is a very important space. It is 
bounded by the sternum in front, the spine behind, the 
diaphragm below, and on either side, by the reflection 
of the visceral pleurae at the hilum regions. The 
mediastinum is divided into inferior and superior 
portions. The inferior part is further divided into the 
anterior, middle and posterior portions; the superior 
portion (or the part above the level of the 3rd or 4th 
thoracic vertebra), is not so satisfactorily subdivided. 

The middle mediastinum is occupied by the heart, 
the great vessels; the anterior portion is in front of 
the heart between it and the sternum while the pos- 
terior mediastinum is behind it extending to the 
spine. It is occupied by some of the most vital 
structures in the body. 

Examination of the superior mediastinum in the 
lordosis position will demonstrate the confinement of 
the superior mediastinum shadows which appear above 
the clavicle to be wkolly contained in the superior 
mediastinum. 

Roentgenologically, the mediastinum, when seen 
in the anterior or posterior chest views presents a 
composite impression of the sternum in front, the 
dorsal spine behind, and all intervening structures 
contained in the mediastinal space. The anterior 
mediastinum constitutes a weak partition between the 
two sides of the chest. In case of pressure pneumo- 
thorax on one side, the deviation of this weak portion 
can be seen bulging into the opposite chest cavity. 
The oblique projections are best adapted for less ob- 
structed views of these various organs, such as the 
esophagus and aorta. Examination in the upright po- 
Sition in full inspiration and expiration will avoid 
many pit-falls in diagnosis. Pathological involve- 
ment of these various structures which it contains 
will be considered in greater detail under the sys- 
tem of which they are a part. Roentgen examination 
of the mediastinum is never complete without esoph- 
ageal examination with a barium swallow. Body sec- 
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as a leukosarcoma seen in children, regresses 
promptly with very small doses of radiation; after 
an interval of two to three months the child suddenly 
develops a high leucocyte count, 300,000 to 400,000, 
with the blood picture of leukemia, even though at 
first the blood picture had been normal. Deep x-ray 
therapy has little effect on teratoid tumors or neuro- 
genic tumors, so that theraputic exposure to the 
roentgen-ray can be used as a diagnostic sign. They 
may be successfully removed by modern surgical 
methods. Calcium deposits occur in dermoids and 
aneurysms; this is always indication of the benign 
nature of a lesion. In dermoid cysts the fatty con- 
tents may rise to the top giving an appearance in 
the roentgenogram similar to a fluid level or the 
light zone may surround the cyst. Tooth structures 
may be demonstrated. 

Neurogenic tumors are benign neoplasms which 
frequently arise from the nerve tissue posteriorly; 
they may extend into the spinal canal forming dumb- 
bell tumors or may by pressure erode the vertebral 
bodies or other surrounding bony structures. They 
can be successfully removed by operation. They 
are usually benign but may take on sarcomatous de- 
generation. On the other hand, intrathoracic menin- 
gocele may very readily be mistaken for neurofibro- 
ma of the lung. Their extra pleural nature can be 
demonstrated by pneumothorax and by pantopaque in 
the spinal canal (Byron, et al), (Sengpiel, et al). 

Other rarer types of mediastinal tumor are: bron- 
chiogenic cysts, pericardial celomic cyst (located 
anteriorly in close relationship to the pericardium), 
fibroma, chondroma, and lipoma. Recent reports of 
the mediastinal tumors operated in the army would 
indicate that bronchiogenic cysts are not as uncom- 
mon as formerly supposed - at least in younger indi- 
viduals (B. Blades). Five bronchogenic cysts of 
mediastinum have recently been reported by Sower 
Butts, J. 9. J. Fac. Radiologists 10:158 (July) 1959. 
Some rare types of cyst formation found in the me- 
diastinum are congenital in origin: bronchial, esopho- 
geal, gastroenteric, and cystic lymphangioma. 
Parasitic cysts such as Echinococcus cysts are very 
unusual in this country (Laipply). Extension of 
meningoceles or dumbell tumors of the spinal cord 
may extend into the mediastinum or thorax simu- 
lating the appearance of lung tumor, (Baker and 
Curtis). Davis and Simonton have recently reported 
bronchogenic mediastinal cysts occurring just below 
the carina or bifurcation of the trachea. Scheff, et 
al., have reported dense rounded shadows extending 
into the lung field from hematomas resulting after 
sympathectomy. For a comprehensive review of 
mediastinal tumor the reader is referred to Hever 
and Andrus. 

Bronchiogenic carcinoma must be considered on 
the differential diagnosis of mediastinal tumors. 
The roentgenologic aspects of the disease process 
may be present for many months; however, death 
frequently occurs suddenly. 

Morrison has compiled a large number of tumors 
and cysts of the mediastinum. He indicates that 
most mediastinal tumors and cysts follow a definite 
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pattern due to their site of origin and the effect upon 
neighboring structures of their enlargement. Ina 
small number the usual picture varies and it was felt 
that the examination of a large series might disclose 
enough of these varients to enable some contribution 
to be made to the basic etiology and diagnosis of these 
tumors. He has tabulated the published cases of 
seven other series as well as his own according to the 
prevailing classification. 
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Cysts and Teratoid 
Terato-dermoid 
(Benign 14/34; 8| 8 {5 [28 | 14 | 33 
(Malignant 6; 61 4; 2 1/3] 2] 3 
Lymphatic cystic tumors | 0/ 3/0} 1 |0;0/] 7] 9 
Pericardial cysts 10; 7| 2} 6 4] 4] 6/13 
Endodermal cysts 
(Gastric and 
enterogenous 1}; 4; 2| 2 10} 0] O; 6 
(Bronchogenic 23/10; 5) 1 15] 4/21 | 23 
Non-specific cysts 0; 8} 5; 1 j0; 0] 4] 6 
Neurogenic 
(Benign 29 /48 |15 11 (9 | 6 | 52] 85 
(Malignant 1} 3/ 5| 7 |8| 4] 6/16 
Thymic 
(Benign 4| 8|12/ 1 |5] 2) 20 (35 
(Malignant 2/0) 5| 2 {4] 2) (12 
Thyroid 
(Benign 2| 51 4/9 [4] -| -|37 
(Malignant 
Parathyroid 0; 0; 2} 0 |O/ O| O| 1 
Mesenchymal 
(Benign 4117) 5] 5 |2] 4] 8/11 
(Malignant 0; 6] 5] 4 |4; 0); 6] 3 
Lymphomas 
(Benign 4/--/0;0 |J-/| 1] O| 4 
(Malignant 6/--{11] 2 |- 43 | 6/29 


These series agree remarkably well. In order of 
frequency these tumors are as follows: 


Benign Neurogenic 
Bronchogenic Endodermic Cysts 
Benign Terato-dermoid 
Pericardial Cysts. 
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“THYMUS GLAND. (PFig.. 208). The thymus gland 
occupies the anterior portion of the su ericr mediz 
tinum, Dig normal structure in infants up to two 
years of age, and is almost always visible in the | 
roentgenogram. KR increases in uixe fron birth to. 
about eighteen months, decreasing from. this paid 


until ahout two years of age, whiwn it shwuid no longer 


be demonstrable roentgenographically. as a definite 
structure, i may form a keystauelike Shadow, base 
downward, above and overlapping the avrta, or it 
mney Pesan? a SE See, pier nade Bion 





Figs z04 


the right hitums regivins The. mere vissalinatiion ae 


the thyrous does not indicate pathological enlarge- ee se 


ment, Only if, by its pressure on the trachea, it - 


Causes clinical symptoms of respiratory obstruction 3 
gan it be designated as pathological. Lateral-view — 
— @xamination has been recommended to detect such 
-. “@ompression of the trachea (Pancoast and Pender- | 
- Yass). Examination in upright position in inspira- © j~ 


tion and expiration and lateral view examination. 
| shoud be made bes anid pitfalls in diagnosis. 


 SUBSTERNAL. THYROID. trig, 205). Pumers. 
of. the thyrotd pland not only cause: ‘displacement of 


the trachea but ‘usually cause some stenosis alsoi An 


SRCEBS OEY: tobe ‘of Seve, plane: may extend down inte. 





Pig. 205 





) mediastinal: ‘structures. Be 

 hawever,; da occasionally accompanied. bysuch Pare: | 
dilatation. ‘of the esophagus that it bulges. over beyond nae 
the. mediastinal ‘margins, on the: ‘tight side, giving. the | a 
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the ‘thorax behind the: ‘upper portion of ‘the’ Stas nshe mt 
| forming a shadow in the upper porticn of the medi- © 
Scr astinuts, Such shadows: can uspally be 4dentilied by. wie: 
ae tracing their borders. ip. mito the: i ‘Sadden, en- oe a 


largement of aubste rnal thy rid caus ing. ‘alarming 


| dyspres with evident increase insine on roentgeno- 2). 


graphic. éxarnination may erroneously suggest ‘growth oe 


of a tumor such sudden enlargements are ocene rare een 
| ally encountered as a result of spontaneous: 4nkragn” > os | 
7 capsular hemorrhage. < Occasionally intrathoracic: - SS is? 
goiter may occur in the posterior mediastinum. fey a 37 nh 


REP LE new carowis iBaneosn? and Renda rhrasey) 


MEDIASTINAL INVOLVEMENT BY ESORHA- Z ; 
GEAL PATHOLOGY. Carcinoraa af the esophagas — 


(Fig. ZO6A} ¥arely. produces sufficient. shadow:to pe” 
detectable in the ‘Grdinsry Paenigenegramm) it rarely. oes 
ji ever, resembles tumor arising primarily from the: oes 





. Capdios pasm (Fig. 2068). 


impression: of a buiky noduler growth—often: a fluid : 
level can be seen which betrays the truc character aS 


| of be ‘condition. in bay event administration ota ea wars 








Fig. B00 
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barium mixtare Api definitely disciose the: ‘ebopha - 
geal dilatation, There may be associated: infiltration 
in the jung: from. aspiration of food material. Diver” 
ticula ita ¥- be: $3 Saasee as: to Sol jcotialie shadows” 
Oe ate go Ree RR BN ee ad og tees 





Fi ‘Be a 2 nO 


‘Short esophagus, with daotacix stomach, fan. 


often be detected from the Sppearence.of the ‘gas fabs + 


bile in’ the stomach Been. “through: the. cardiac shadow, - eS 
Once suspected the diagnosis ig sasily. coniirmed a 
the administration nt a REIT. tread: oe eee 


soe el oe 





Intrethoracte guatric coats or cysts soineenis: 


‘of gaatrié mucosa are ocedsionally found in the me-. + = io 
disstinal space. These are ‘congenital i in’ origin, ‘BEM me 


nigsy and of na pathological significance. eeaseeey Ne 

= Pavie and Simonton haye recently: spreo ned 

‘btonchogealé mediastinal cysts occurring Jane below | 

the carina or bifurcation of the trachea, 990°.) 
“Scheff, et al. have: eeported dense rounded — 


shadows extending - taka | the lang field from. atin ae 


resulting. alter sympothectomy, 


Sold abscess fram tuberculosis of the ‘spine, ob Pee 


“confined. by the spinal moscies. (Fig. 207A), may. 
produce a fusiform shadow resembling: friediastinal 
pathology; late ral-view bxareiifetioir, wi Ipeaiine Sep 
BERT te the : apinal: colunia. . 
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Fig. 207A) 


\MEDIAST INAL EMPHYSEMA (Wig: Senne een ae Ne 


‘mbplyeens: of the. pie digstinal space manilests: Ateelt 
as a “hato® ot Bir about: the heart. ‘This is. ane to. 


x ‘collection ‘ae fhe air 4u‘the anterior mediastinal: ieee 
es SPREE shown beautifully” jy the: lateral roentyenogram, © fh 
po oe. roa. be due te: ‘epontancons ropture: ofenem- 
ay = _physematous bist inte the interstitial tissue of the 
SE dong. eit) may ‘develop aiter. traumatic jeceration 
2. ot the: peck ar chest wall by air being eucked into the 
| tibsues during: respiration. - ‘Fortes and Salmon have ~ 
4+ demonstrated that. mediastinal emphysema: and pneye 
| -mothorax ore treqies nt: temoplications oe €ract BELO | iS 
aS especially where the ‘operative: procedure does not 


‘Téelieve the dyapaea. |. Ade sucked a Shrough the wound = 


= qe passes dato the: we diasHinunt Dy eRe. {BE khe, intersti- ek ze 
| tial tigeue of the lung RAGS Ing: ‘epantane ous. eee ge 
5} thorax and deaths IN tas: been shown thatthe air 9 = 

Pepe ‘spreads along. the: vascular sheaths and that the” ene eS 

trapped air presses: on the vascular walls, dined causes pees 

be sirculatory embarracsment (Macklin). 4 ‘needle. dite 6 ESS: 

_ | serted through. the chest wall inta the anterior medi- ae = 

4 -astinel space may, bie ia tife-aaving: measure, {See <2 => 

| Spar ons Interstitial RUNES: PRApOU RES: ) 
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For a review covering “Fifty Years of Prog- 
ress in Roentgenology of the Chest,® the reader is 
referred to an article by that title published by Wm. 
J. Tuddenham, Am, J. Roentgenol., 75:659, 1956. 

Unsuspected hemomediastinum complicating a 
supraclavicular stab wound shows a characteristic 
appearance of widening of the superior mediastinum, 
(Doubleday). 

Initial anteroposterior supine projections of 
the chest in suspected hemopericardium are diffi- 
cult to interpret accurately but many cases of proved 
hemopericardium show straightening of the left 
heart border. Rapid accumulation of a relatively 
small amount of blood in the pericardial sac is suf- 
ficient to cause severe symptoms of acute cardiac 
tamponade. This can be diagnosed accurately on 
clinical grounds when the radiological findings are 
equivocal. Serial films of the chest are necessary 
to detect reaccumulation of fluid and delayed 


exudative pericardial effusion. In follow-up films, 
the cardiac silhouette may appear within normal 
limits even in the presence of appreciable amounts 
of fluid in the pericardial sac; angiocardiography 
is necessary to exclude persistent fluid in these in- 
stances, 

Although aspiration, rather than open opera- 
tion, is considered the treatment of choice initially, 
it would seem rational that an opening in the parietal 
pericardium should be made as a secondary pro- 
cedure if there is established evidence of persistent 
fluid. This would permit drainage into the pleural 
Space and avoid delayed exudative pericarditis and 
adhesive pericarditis as a possible late complica- 
tion. 

In penetrating wounds of the left lower thorax, 
occult injury to the spleen is readily diagnosed by 
change in contour of the splenic shadow in follow-up 
films of the chest and abdomen. 
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QUESTIONS ON THE CHEST 
Questions marked with a dagger deal with rare and less-important conditions. 
Why does the chest lend itself so readily to roentgenographic examination? 


Describe briefly the appearance of the lung field and indicate the anatomical structures producing the 
various densities seen in the roentgenogram. 


Describe briefly the minute anatomy of the lung as outlined by Wm. Snow Miller. 
Show by diagram the position of the interlobar septa of the lungs. 


Name and indicate the position of three arbitrary zones of the lung described by Dunham, and indicate 
their importance in determining the pathological accentuation of the lung markings. 


What causes the linear markings of the lung? How may they be accentuated? What is the ee 
manifestation of bronchitis? Of irritant gas inhalation? 


What are the x-ray characteristics of massive atelectasis and upon what physiological process do 
these findings depend? Under what conditions does it develop? 


What is the appearance of atelectasis when a single lobe alone is involved? What is meant by disc 
atelectasis ? 


Why is an atelectatic lung as dense as pneumonic consolidation while a lung shrunken to even 
smaller size from pneumothorax still remains relatively radiolucent? 


What are the radiological findings in opaque and nonopaque foreign bodies in the lung: (a) With 
complete obstruction? (b) With partial obstruction? 


Describe the succession of events when a bronchiogenic tumor enlarges and obstructs a bronchus. 
What are the characteristics of atelectasis from bronchiogenic tumor of an upper lobe bronchus? 


How may bronchiectasis be demonstrated roentgenographically? What are its roentgenological 
manifestations ? 


Describe the appearance of the lung fields, in passive pulmonary congestion following pulmonary 
embolus; in edema of the lungs. What is meant by postoperative edema? 


What types of pneumonic involvement may be recognized roentgenographically? What may be the 
first manifestation of lobar pneumonia as seen in the roentgenogram? Show by diagrams the 
characteristic x-ray appearance of consolidation of the various lobes. 


What x-ray evidence have we that lobar pneumonia is a local disease of the lung (with constitu- 
tional manifestation) running a limited course? 


In children what other condition is frequently confused with lobar pneumonia clinically? 


What changes are seen in the roentgenographic appearance of lobar pneumonia immediately after 
crisis? How long before resolution is complete? 


What is meant by “protective” fluid and how may it be detected? 


What complications are commonly encountered with lobar pneumonia, and how are they manifested 
in the roentgenogram ? 


Describe the roentgen picture in bronchopneumonia; in septic pneumonia. What four stages are 
recognized in Friedlander Bacillus Pneumonia? 


What are the manifestations of atypical pneumonia? Of glandular type? 


What is the roentgenographic appearance of lung abscess, and how does it differ in appearance 
from pneumonic consolidation? To what causes may it be due and what is the outlook for recovery? 
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What are the x-ray characteristics of chronic diffuse interstitial fibrosis of the lung and to what 
process is it due? How may it be differentiated from massive atelectasis? 


What are the x-ray manifestations of childhood type of first infection with pulmonary tuberculosis ? 
What conditions must be differentiated in making the diagnosis? What is the greatest factor in 
treatment of the disease? 


What are the x-ray manifestations of reinfection with adult-type pulmonary tuberculosis? 


By what methods does pulmonary tuberculosis spread and how may this be indicated in the roent- 
genogram ? 


How may the minute anatomy of the lung favor lodgement and growth of tubercle bacilli? 
Give American Tuberculosis Association classification of stages of pulmonary tuberculosis. 


How does pulmonary tuberculosis heal and what manifestation of healing can be seen in the x-ray? 
Can activity of a lesion always be determined roentgenologically ? 


What is meant by caseous tuberculous pneumonia and how is it manifested in the roentgenogram ? 
Differentiate from lobar pneumonia. 


What is epituberculosis? How may it be differentiated from caseous tuberculous pneumonia? 


How does miliary tuberculosis develop and what is the roentgenographic picture of the disease? 
How does it differ in appearance from mycotic infections; sarcoid; erythema nodosum? 


What surgical procedures are of value in the treatment of pulmonary tuberculosis ? 


In general do mycotic infections of the lung have any characteristic manifestations? What is the 
picture of aspergillus infection in the acute stage? After healing? 


Describe briefly the picture of established silicosis. 


What primary tumors of the bronchi are recognized? Of the lung? Describe the development of 
fluid and air cysts of the lung. 


What effect does trauma have on production of acute inflammatory diseases of the chest, pneu- 
monia, pleurisy, etc.? How can subcutaneous emphysema be detected roentgenographically? To 
what is spontaneous pneumothorax due? What is progressive vesicular pulmonary emphysema? 


What are the roentgenographic findings in interstitial hemorrhage from stab wound or gunshot 
wound of the lung? What difference in appearance is there between ordinary effusion and hemo- 
thorax? Does blood show the same tendency to clot in the pleural cavity as it does elsewhere? 


What is the characteristic appearance of fluid free in the pleural cavity? Pleural effusion asso- 
ciated with pneumothorax? Localized pleural effusion? 


What is the characteristic appearance of pneumothorax? Under what conditions does spontaneous 
pneumothorax occur? 


What is the characteristic appearance of tumors of the pleura? Can they be differentiated roent- 
genographically from localized pleural effusion? 


To what are the following conditions of the diaphragm due? 
tenting 
scalloping 
immobilization 
paradoxical action 
eventration 
hernia 
Name the common conditions which give rise to mediastinitis. 
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CIRCULATORY SYSTEM (Chapter XVII) 


NORMAL HEART AND GREAT VESSELS 


I, Roentgen Anatomy 
A. TOPOGRAPHY of HEART and AORTA 
B. Methods of Examination 
1. Fluoroscopy 3. Teleroentgenography 
2. Roentgenography 4. Orthodiography 
a. Anterior Position 5. Plastic Reconstruction 
6 
7 


b. Right Anterior Oblique - Kymography 
c. Left Anterior Oblique . Scanography 
d. Lateral 


PATHOLOGY of HEART and ASSOCIATED STRUCTURES - ACQUIRED 


I, HEART 
A. Position 
1. Retraction from Pleuropulmonary Adhesions 
2. Displacement from Intrathoracic Pressure Changes 
3. Pressure of Adjacent Structures 
4. Congenital Anomalies 
B. Size and Shape 
1. Conditions Influencing Size 
2. Cardiac Measurements 
a. UNGERLEIDER and CLARK’S METHOD 
b. CLAYTOR and MERRIL’S TABLES 
c. HODGES and EYSTER’S PREDICTION TABLES 
C. Form and Outline 


1. Enlargement of Various Chambers 2. Valvular Disease 
a. Left Ventricle a. Mitral 
b. Left Auricle b. Aortic 
c. Right Ventricle c. Tricuspid 
d. Right Auricle d. Pulmonary 


3. Cardiac Aneurysm (infarct) 
4. Other Conditions Showing Change in Cardiac Outline 
D. Contractibility 
- Contraction of Various Chambers 
2. Amplitude or Force of Contractions 
3. Rate 
4. Rhythm — Sequence 
5. Reversal Point of Pulsation on Left Border (where character of pulsations change) 
E. Mobility — influenced by mediastinal fibrosis, as seen on fluoroscopic examination with, 
1. Patient in Right and Left Lateral Decubitus Positions 
a. In Children 
b. In Adults 
2. Patient in Anterior Position on Deep Inspiration and Expiration 
a. Fixed Mediastinum 
b. Pendulum Movement of Heart and Mediastinum with Relative Changes in Intrapulmonary 
Pressure on the Two Sides During Respiration 
F. Abnormal Calcification 
1. Valves 
2. Arteries 
3. Pericardium 
G. Relationship of Heart to Surrounding Structures 
1. Bony structures (spinal deformity) 
2. Pathology of Adjacent Soft Tissue Structures 
a. Mediastinal Tumors—cysts 
b. Esophageal Pathology —cardiospasm 
c. Diaphragmatic Hernia 
d. Thoracic Stomach 


pu 
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ll. Aorta and Great Vessels 


A. Aortitis C. Aneurysm 
1. Arteriosclerotic 1. Ascending Arch 
2. Syphilitic 2. Transverse Arch 
B. Elongation and Tortuosity 3. Descending Arch 
4. Dissecting 


D. Arterio-Venous Fistula 


Il. Pericardium, Pericardial Outline 
A. Acute Pericarditis 
B. Pericardial Effusion 
1. Differentiation from Cardiac Dilatation 
C. Chronic Constrictive Pericarditis 
D. Pleuropericardial Adhesions 


IV. Congenital Anomalies of Heart and Associated Structures 
ANGIOCARDIOGRAPHY 
CATHETERIZATION OF THE HEART 
A. Anomalies of Structural Development of the Great Vessels 
1. Persistent Patent Ductus Arteriosus 
2. Coarctation of the Aorta 
3. Right Aortic Arch 
a. With Left Descending Aorta 
b. With Right Descending Aorta 
4, Vascular Rings 
a. Double Aortic Arch 
b. Right Aortic Arch and Left Ligamentum Arteriosus 
c. Other Anomalies of the Aortic Arch 
5. Anomalous Right Subclavian Artery 
6. Aortic Septal Defect 
7. Anomalies of the Pulmonary Veins 
8. Idiopathic Dilatation of Pulmonary Artery 
9 
10 


. Arterio-Venous Fistula of the Lung 
. Abnormal Pulmonary Artery Associated with Intralobar Broncho-Pulmonary Sequestration 
B. Anomalies of Cardiac Position 
a. Dextrocardia 
b. Situs Inversus 

C. Anomalies of Structural Development of the Heart 
. Tetralogy of Fallot 
. Tricuspid Atresia 
. Complete Transposition of the Great Vessels—Also associated with Pulmonary Stenosis 
. Pure Pulmonic Stenosis 
. Ebstein’s Anomaly 
. Truncus Arteriosus and Pseudotruncus 
. Eisenmenger’s Complex 
. Atrial Septal Defect 

a. Isolated Defect 

b. Lutembacher’s Syndrome 
. Ventricular Septal Defect— Maladie de Roger 
. Other Types of Congenital Heart Disease 
Aortic and Subaortic Stenosis 
. Primary Pulmonary Hypertension 
Aneurysm of Sinus of Valsalva 
Anomalous Systemic Venous Return 
. Idiopathic Hypertrophy 
Origin of Coronary Arteries from Pulmonary Artery 
Cor Triloculare Biventricularis 
. Cor Triloculare Biatriatum 
. Cor Biloculare 
. Aortic Atresia 
. Congenital Mitral Stenosis or Atresia 
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D. Diagnostic Approach - Roentgen Survey 
E. Heart Muscle Defects 

a. Idiopathic Hypertrophic Enlargement (Glycogen Heart) 
F. Pericardial Defects—Celomic Cysts 
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tion during fluoroscopy. The relative size of the car- 
diac shadow can be estimated, and careful observa- 
tion by this method can often differentiate cardiac 
enlargement from pericardial effusion. Proceed with 
the fluoroscopic examination of the various contours 
of the cardiac shadow with the patient first in the an- 
terior, then in the right anterior oblique, and finally 
in the left anterior oblique positions. 

In the anterior position, the left border of the 
heart forms a prominent outward curve over the low- 
er one-third to one-half of the cardiac border; this is 
produced by the lateral wall of the left ventricle and 
represents the outflow tract of that chamber. Above 
this, two less prominent curves are produced by the 
pulmonary artery and aortic knob with occasionally 
an intervening bulge between the pulmonary and left 
ventricular curves produced by the left auricle or 
auricular appendage. The movement of the left ven- 
tricle with each contraction is inward, whereas, that 
of the structures above is outward and upward, so 
that a point of “adjacent opposite pulsation” is cre- 
ated which is readily detectable with each heart beat, 
marking the location of the left auriculo-ventricular 
septum. In this manner it is possible to determine 
enlargement of the outflow tract of the left ventricle, 
dilatation of the outflow tract of the pulmonary artery 
or conus, and prominence of the aorta as it arches 
across. Normally the right border of the heart pre- 
sents the rounded prominent contour of the right 
auricle; below, an angular shadow is cast by the in- 
ferior vena cava, and above, the ascending aorta ex- 
tending upward to the arch; a shadow paralleling the 
aorta sometimes seen extending upward into the tho- 
rax is produced by the superior vena cava and innomi- 
nate vein. The right ventricle forming the base of the 
cardiac shadow cannot be visualized. 

A barium swallow should show the esophagus de- 
scending to the right in close contact with the aortic 
arch as it proceeds downward. The intimate contact 
of the esophagus with the aorta permits an accurate 
measurement of the width of the aorta in teleroentgen- 
ographic examination. 

In the right anterior oblique position the anterior 
border is formed by the right ventricle and pulmonary 
artery (representing the outflow tract of this cham- 
ber). There should be considerable space interven- 
ing between this border of the heart and the anterior 
chest wall; obliteration of this space is indication of 
dilatation of the outflow tract of the right ventricle. 
The contour above the conus is due to the ascending 
branch of the aorta as it proceeds upward to form the 
arch. The posterior margin of the cardiac outline is 
produced by the confluent margins of the right auricle 
below and left auricle above, with a small angular 
shadow produced by the inferior vena cava below the 
lower margin of the right auricle. Unless one or the 
other is enlarged, the auricular contours cannot be 
distinguished from each other. The esophagus ex- 
tends downward between the anterior surface of the 
aorta and the posterior surface of the heart so that 
it can be used as an indicator of any change in the 
cardiac outline of the portions with which it comes 
in contact. Normally, when filled with barium, the 
esophagus shows two impressions on its anterior 
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aspect, the aortic arch above, and the right bronchus 
just below. As the esophagus reaches its lower end, 
it passes anterior to the aorta to traverse the di- 
aphragm. Normally the esophagus should pass 
downward in a gentle curve; any enlargement of the 
left auricle is manifested by pressure of its contour 
on the anterior margin of the esophagus at the auric- 
ular level. | 

In the left anterior oblique position, the lower 
portion of the cardiac outline is produced by the right 
ventricle which extends upward along the anterior 
margin to form the lower curve. On the anterior as- 
pect the right auricular appendage and ascending 
aorta extend above this to complete the anterior mar- 
gin. Posteriorly the lower curve is produced by the 
left ventricle; its junction with the right ventricle is 
marked by an indentation, the interventricular groove, 
which is seen best by fluoroscopic examination with 
deep inspiration. This groove may be very difficult 
to detect by roentgenographic examination and may 
fall below the diaphragmatic shadow; the left auricle 
forms the remainder of the posterior curve; a shal- 
low indentation, the auriculoventricular groove, 
marks their point of union. 

In this view the arch of the aorta is opened, dis- 
closing all portions of the structure as it arches over 
to its descending portion. This clear space beneath 
the arch is known as the “aortic window.” The tra- 
chea bifurcates at the level of the arch and the left 
bronchus angulates downward through the aortic 
window; the right bronchus seems foreshortened. 

The left pulmonary artery traverses the aortic win- 
dow in an almost horizontal position. The brachio- 
cephalic vessels ascend anterior to the trachea above 
the ascending portion of the aorta. 


Roentgenographic examination of the chest made 
in the anterior position will give a rough estimate as 
to the position and size of the heart and will direct at- 
tention to any obvious pathology. Supplemented by the 
right and left anterior oblique views it serves to give 
a good indication of the outline of the various cham - 
bers of the heart. For a more accurate estimation 
of the cardiac size and outline however, other meth- 
ods must also be utilized. 


TELEROENTGENOGRAPHIC EXAMINATION 


For a more accurate estimation of the size of the 
cardiac shadow teleroentgenographic examination 
may be resorted to. This consists in examination of 
the chest at six-foot target-to-film distance, to pro- 
duce more nearly parallel rays and to insure there- 
fore less distortion in size and shape. It is advis- 
able to give one full second exposure so as to secure 
the maximum size of the cardiac outline during dia- 
stole. Under these conditions the resulting cardiac 
silhouette is within less than one centimeter of the 
size which would result if the rays were parallel. By 
means of a barium swallow the relationship of the 
esophagus to the heart and other structures can be 
noted. 


ORTHODIOGRAPHY. Orthodiographic exami- 
nation accomplishes a similar purpose. Under 
fluoroscopic examination, with the diaphragm shut 
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down to about a one-inch square so as to project the 
central ray tangentially across every point on the 
cardiac outline, an outline drawing of the true size of 
the cardiac shadow is made with a wax pencil on the 
glass of the fluoroscopic screen or on a superim- 
posed sheet of celluloid. To carry out this procedure, 
provision must be made for fixation of the screen, 
and independent movement of the tube. By this 
method the central x-ray beam is used to map the 
heart size eliminating the magnification produced by 
a diverging x-ray beam. It gives most accurate re- 
sults if done carefully. It is time consuming, how- 
ever, and holds no advantages over teleroentgeno- 
graphic examination and has been largely displaced 
by the radiographic method. 


PLASTIC RECONSTRUCTION. Methods have 
been devised whereby outlines of the cardiac shadow 
made in numerous positions of rotation have been 
utilized for the construction of plastic models of the 
heart. 


KYMOGRAPHIC EXAMINATION. For accurate- 
ly recording the depth of the contraction of various 
portions of the different chambers, and for their cor- 
relation in the cardiac cycle, the kymograph may be 
used. This consists of a sheet of lead in which mul- 
tiple parallel slits about 1 mm. wide have been cut 
about 1 cm. apart. This is interposed between the 
chest wall and the cassette, remaining stationary in 
place during the exposure. The cassette itself is 
moved for a distance equivalent to the interval be- 
tween slits on the lead shield. As the cassette de- 
scends a graphic outline of the pulsations of each por- 
tion of the cardiac outline intersected by the slits in 
the lead shield will be recorded on the roentgenogram 
for the period of time necessary for the cassette to 
traverse the distance between two slits. By careful 
measurement of the time and depth of contraction of 
the various chambers, the rhythm of the cardiac cycle 
and force can be investigated. The peaks of the curve 


represent diastole; the valleys systole. By this 
method noncontractile scars from infarcts in the 


cardiac muscle can be demonstrated, and the expan- 
sile pulsation of aneurysm may be differentiated 
from the transmitted pulsation seen in mediastinal 
tumor. 

The kymograph has found its greatest useful- 
ness in the following conditions. 


1. Constrictive pericarditis; here the restrict- 

ed movement is clearly shown. 

Ventricular hernia (cardiac aneurysm) may 

be well shown, due to the paradoxical action 

of the herniated portion of the ventricle with 
each heart beat, due to its thin, flaccid wall. 

3. Advanced mitral disease; the periods of con- 
tracture in the cardiac cycle establish the 
identity of the chamber. Only in advanced 
mitral disease does the conus show. 

4. Cardiac infarcts; only after a prolonged 
period however. It may take weeks before 
they show as noncontractile plateaus on the 
ventricular surface. 
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5. Pericardial effusion; there is restricted 
movement or it may be entirely absent 


The faults of kymography as a precise instru- 
ment for diagnosis are as follows: 


1. It does not record the full contraction of the 
heart chambers due to the divergence of the 
beam. 

2. It does not demonstrate the movement of the 
same point throughout the cycle. 

3. The rotation of the heart during contraction 
also presents different effects on the wave 
produced. 

4. The cephalo-caudal movement as the heart 
contracts is another source of errors. 

5. The effect of respiration on the heart is a 

source of error; inspiration causes diminu- 

tion of waves at base of the heart. 

The photographic record is a summation of 

the densities presented at various times dur- 

ing the exposure in which superimposed 
shadows of various contracting chambers 
may modify or nullify each other. 


= 


As a result we are forced to the conclusion that 
this method of examination is of limited usefulness. 


SCANOGRAPH. Measurement of the exact size 
of the cardiac shadow in one direction may be accom- 
plished by the scanograph. This apparatus, first pro- 
posed by Albers-Schonberg in 1910—later introduced 
into this country by Millwee (Rad. 28:483, 1937), is of 
value in measuring the true size of objects by means 
of the roentgen rays. It consists of a narrow slit-like 
ray field 2 mm. wideprojected by movement of the 
x-ray tube over the part to be examind from one end 
to the other. Employing only the central ray it 
measures accurately the dimension of all structures 
in one direction, along the line of movement; in the 


direction perpendicular to the line of movement the 


image is still subject to the same distortion caused 
by the divergence of the x-ray beam. (See Manual of 
Roentgenological Technique.) 


PATHOLOGY OF THE HEART AND 
ASSOCIATED STRUCTURES 


1. HEART. Pathology of the heart and associated 
structures may well be considered under the follow- 


ing headings: 

A. Position E. Mobility 

B. Size and Shape F. Abnormal Calcification 
C. Form and Outline G. Relation to Adjacent 
D. Contractibility Structures 

A. Position of Heart—Normal in midline in middle 


mediastinum. 
Displacement to either side, rotation or ele- 
vation, caused by: 
1. Retraction from Pleuropulmonary Adhesions 
from: 
a. Tuberculosis—lungs and pleura 
b. Pyogenic infections of lungs and pleura 
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2.Intrathoracic Pressure Changes 

a. Pleural effusions (large) causing medias- 
tinal pressure on both inspiration and ex- 
piration. 

b. Massive tumors of lung or pleura causing 
pressure on both inspiration and expiration 

c. Obstructive emphysema— due to partial 
bronchial occlusion; by foreign bodies, 
tumors or bronchial secretions —causing 
pressure during expiration 

d. Bullous emphysema causing pressure dur- 
ing expiration—vanishing lung, solitary cyst 
(air or fluid) of lung 

e. Atelectasis; massive or lobar, causing re- 
traction 

3. Deformity from Pressure of Adjacent Structures 

a. Bony structures (deformity of spine) 

b. Pathology of adjacent soft structures —me- 
diastinal tumor, esophageal pathology, 
cardiospasm (massive), diverticulum (large), 
tumor (large) 

4. Congenital Anomalies 

a. Dextrocardia 

b. Situs Inversus 

c. Other developmental Anomalies 


B. Size and Shape of Heart 
Roughly, the fee and shape of the normal heart 


compare very closely with the right fist—it is sur- 
prising how closely this relationship is maintained. 

In the ordinary anterior chest roentgenogram a rough 
estimate of the size of the heart may be made by com- 
parison of the transverse diameter of the thorax at its 
widest point. This ratio is called the cardiothoracic 
index and it should not exceed 1:2. 


Cardiac hypoplasia, is frequently encountered 
in individuals who Trow some intercurrent disease 
disease such as pulmonary tuberculosis have had to 
spend long periods of time at rest in bed; this can 
readily be understood. Occasionally however, for 
some reason which is not clear, the heart may be- 
come progressively smaller in an otherwise healthy 
individual even without bed rest. 

In tuberculosis of the adrenal gland, Addison’s 
disease, the heart may be reduced materially in 
size, returning to normal within a short time after 
administration of sodium chloride. 

Reduction in size of the heart does not seem to 
be the determining factor in cardiac pathology; en- 
largement of the heart beyond normal limits is the 
most striking evidence of disease. Under certain 
circumstances the heart may show physiological en- 
largement. 


ARTERIO-VENOUS FISTULA. A fistula of this 
character may be due to anomalous development or 
may be due to trauma. A fistulous opening between 
the arterial and venous system shunts a portion of 
the arterial blood back through the veins without per- 
forming its function in supplying some distal part or 
organ. Owing to the loss of peripheral resistance 
the arterial pressure drops and less arterial blood 
gets to the part. The larger the opening and the 
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nearer the fistula is to the heart the greater the ef- 
fect. Since the blood reaching the part is reduced, 
the heart beats faster and becomes larger in order 
to deliver sufficient blood to the part for normal 
function. 

On operative closure of the fistula, normal cir- 
culation is soon established, the burden is taken off 
of the heart and it reduces to normal size. This 
change in size of the cardiac shadow is readily ob- 
served roentgenographically. 


GENERALIZED CARDIAC ENLARGEMENT. The 
healthy heart does not undergo much enlargement un- 
der any condition. It has been demonstrated (Roesler) 
that even under vigorous exercise the heart does not 
undergo much enlargement; it beats faster and 
stronger and thus causes acceleration of the circu- 
lation but any change in size is extremely slight. 
Likewise, hypertrophy of the heart from prolonged 
exertion as seen in athletes does not result in much 
actual cardiac enlargement; the heart muscle may 
become thicker but any actual increase in the size of 
the heart is very slight. The detection of enlarge- 
ment of the heart therefore is a very important indi- 
cation of pathology. 

Under certain conditions the heart may show gen- 
eralized enlargement. Severe, prolonged anemia, 
myxedema, and residence at high altitude have been 
known to cause cardiac enlargement. In myxedema, 
the pulsations are weak, with radiologic findings 
similar to pericardiac effusions. 

Myocarditis, either inflammatory or toxic, 
cause generalized cardiac enlargement. Large, 
globular hearts have been noted in vitamin B defi- 
ciency, beriberi. Severe, prolonged thyrotoxicosis 
causes some, but not great heart enlargement, unless 
failure or auricular fibrillation develops. The heart, 
as are other internal organs, is increased in size by 
acromegaly. 

The heart appears large in pregnancy and with 
obesity. In both of these conditions, elevation of the 
diaphragm and a more transverse position of the 
heart makes the heart appear larger than actual size. 
With obesity, deposition of epicardial fat increases 
size of the cardiac contour. 


can 


CARDIAC MEASUREMENTS. Authorities are 
agreed that cardiac enlargement is the most consist- 
ent indication of cardiac disease. For ascertaining 
an estimate of the normal cardiac outline, Bardeen 
made numerous examinations of healthy adult men 
and women. He devised a method for measurement 
of the transverse diameter of the cardiac shadow, 
and for estimating the area. These were correlated 
with height, weight, and age of the individual (Fig. 
211A). The distance from a line running down the 
midline to the extreme extent of the right border of 
the heart (MR), plus the measurement from the same 
vertical line to the extreme left border (ML) deter- 
mines the maximum transverse (TD) diameter. The 
area of the cardiac shadow can be secured by out- 
lining with a planimeter or by superimposing a sheet 
of celluloid on which centimeter squares have been 
ruled. The information necessary for proper carry- 


c IRCU LATORY SYSTEM 


TF TR D> ALL, 





— —S— SS 
er arr on aera ES == ro 


“| TRS. te 3. fore jaeconrate measurement of the heart a 
| the ‘eegions of the various septa. 
of the area of the cardiac shadow the curved line of 
ne the cardiac eutline is: merely Protected to ‘bridge: ee 
3 ACTORS between the Yeft veatricle and right auricle. — 


For an estimation’ 


ae gethad: has: been. recommended. for estimation 


A of tardive Size using a-ratic of area of the cardiac 
_  |-putline to the area of the chest (Newconier and New-—- 
-... | eomer): These sress gre estimated in the following 
Figs:23 PAS}: 

2% 4 wetse diameter, TD, and the leap diameter of the: - 


manner: froma teléroenigenogram obtain the trans~: ae = 


ooo | heart, LD. The product of these two équals the area Ses 
| of the “eardiae rectangle,” Boose 
ul | the. Mthoracic rectangle” by multiplying the transverse. 3 
_-} diayester of the thorax measured at the upper level of : 
© | the feat of the diaphragm, by the height measured - 


> Now. obtain the area of ~ 


from 3 horizontal: ding: drawa a tnroueh 1 the MOper2 mars Pe Age 


APE ES See ee See PUR gins of both apices. 
ing out ar the ghaadtoatlon includes: ‘Sex, age, ‘nelpht eae eres 


and weight. (See U.S. Army X-ray‘Manual, Ist Bdi- 0}. 


in Bardeen’s, To be normal the values: should: fair 


tion).. The measurements secured from ihe delet c ess 3 Ae eagle of hack aa “transverse diameter): Log 
roentgenogram. are eomnpared with. the nosroal found. ass ee of ee Hee ALES ek sparelan xeheight ee Sag ates 






3 Any fous above. 2B iw ahadkinel: 


between those estimates for a person ‘af this age and Sha 


sex, for same height and for the Same weight. Ten {> 


percedt variation above or below these eines sonst ‘ 4 I mathematical formula ADE the preteen of: the Size at bx Noy 


be considered abnormal. « oes os 


Using Leleroentzenoeesnnie’ measur penis: with the L t 


tube at six foot distance, Ungerieider and Clark have $ 1 Bau. D, = = 40,1094 x-Age - 0.1941 x Height 


tabulated reference prediction tabies for’ SERRE VEESE 
diameter of the heart isee table) for use in ite ine: 


surance-examinations (Assa. of Life ins; Med, Di; fo 
rectorsof America). These yalees are slightly higher: Ae 
than those made by orthodiographic method, SEGY: are 


probably the most widely used today. 


Another method of measurement gives a more Be > 3 ie 
curate: idea of the true length and breadth of the heart | 
(Fig: 2118). “A line is drawn from the junction of the — 
great veasels and right auricle obliquely downward to |- 
. . the apex: this is the oblique diameter and indicates: — 
> the length of the heart {LEH Lines perpendicular to 


ee this diameter are drawn on the deft ta the TURE ON of 3 ‘measurements. a) 


ee =the. right: to the juncon of he right, auricular curve, BAe 
with the diaphragm (BR), 


‘The sum of these two di- 
ameters: Tepresents the heeadth of the Peart EE 


Figs 2118 





-Eyster and ‘Hodges. have deducted a Rory intricate 


pe cardiac shadow. 


pease 8. at 48 % Weight + G5. BB25 | 





i the cee is 5 mor, wider: in ‘anaveban aca ae 


— ‘Pas the Predieted Diameter obtained by this’ ‘formula, 5.6 
4 the chances: are 3 tod that the: widening is ‘pathologic. Pease 
A slide rule is: available for. rapid ealeulation: of this. - © 
formula; their table of calculated valves see: accom. a eae 
-pariying charts), 3 Sa 
(Hodges: and Eyster}.: “These valves. are for erthowiae nese 


wilt be found mare. ‘simple to use, 


| graphic. measuremenis for. mates; 0.3 should be sub~ 34 : ~ 
| tracted for female patients. They are aliahtly: smaller °— 


than the. figures obtained By Apleroeatenaarptic:, Se 


‘More recently, i haa eed wireaued that the nor- x me 


3 mat Faliges” ol "eardiac dimensions: are quite large and. “ oS 


overlap the pathological: ranges to a great degree, 


=| Study of the frdntal plane area, (obtained by multiply - Hee 
HAS & 5 Fe ing together the Jong disineter, the broad diameter, — 
soy and the factor 0. 135) correlated with the STANRVEESE: - 
“> - | thoracic diameter is recommended by Hilbish and 
“\ Morgan, They feel this ig simple and practical and 


Mae - . | gives one of the highest degrees of accuracy’ ih esti- aS. aR 


mating. true cardiac size, ff the heart size from this AES 


oo) forinia is above the normal range, the heart is cere. pi Reb oS 

ON tainty enlarged, bul if-the size is within the stated: 
oD wormal tange; the heart may still be considerably. Be eS 

) tatged. The greatest use of cardiac measurement-ig ~~ 


in comparing the patient's own heart size at intervals’ 
to note whether there has been change from previgns: 
filme: dF Change on subsequent Silene 2 ‘: 
 Clayter and Merril have compiled a table for aver-. 
age Mgasirement: of cardiac values for the rapid _ 
practical use: perhaps the cardia-thoracic ratio is 


—f the most reliable ABE rand sate estimation of car=: 
eee ‘ae size. | | 


es Shere on pp. -207- 309, 


~. selenium cell, ¢ 


S 2 neared fa. : 


reference to enlargement of the various chambers — 
eS furnishes. ® mueh hetter Aohreption at ‘the underiying = 
Se pathology. 


Heart { Measurement in ‘Children. Cardiac: meas~— a 4 
| , “been worked out, amd 
nomograms. Wave. tees ‘provided for this pur pase. 4a 
children above three or four years of age, Meyer), 
No fully reliable ‘method has been devised for the 
predict fon of normal gardiae size in children ender 
three years due largely to the wide variations. it. 
chest size and shape, general body size, and the 
great changes which miay take place in heart gine. 
and chest volume during different: phases. OF respira =f 
tion, both in health and disease. See NORGE EL: Bhe 











‘Within ree ent years it has ‘been found possibie to 
| agtivate x-ray: apparatus ‘by: Might. projected onto ae 


if the ‘apparatus is delicately adjuated expasures ean. 
be made by the deflection of an electracardiograph, 


jn complete systole or diastole, With suitable appre 
. -patus for rapid changing of films, two successive ex- © - 


 posures: can be taken of these two phases in: the ear-_ : i 
diac cyele. From the variation in the sizes of ihe ~ 


--gardjae outlines during these two. phases the differ= = 4 


ence in heart volume can be calculated, and thus the 
arnount of ‘blood expelled per beat can be determined, 
Up to the present timé this is too delicate a Procedure: 
ta be used asa practical method. Ss 

_All of these methads give strikingly similar re~. 
‘ sults — one which most nearly satisfies the needs of 
the individuar aetane ee abedid § be. selected ant ad-— 


A co Barn acid Outline Rees 

By and large, 
dor hyposthenic individual has 2 slender vertical 
heart, whereas:the shert, stocky: hypersthenic. person ? 





normally. POSSESSES a horizontal heart. Any yaria- —/ 

oe ‘also. This portion of the ett ¥eatricle Presents. Re 
self in profile along the posterior portion of the - at 

heart and is best seen in the left anterior oblique see a 

view, The enlarged chamber bulges posteriorly. - 

{ without causing any encroachment Apion, sae displace- 

ament of the left bronchus; =~ | Ses 


tion would at qncé suggest an abnormal condition. ae 

The first manifestion of failure of any chamber of 
‘the heart, to perform. its function is indicated by en= 
Jargement; (Taussig), Under certain circumstances 
the enlargement of: various chambers imparts. ‘char 
acteristic” shapes. tg the cardiac outline such as the... 
“Coeur en Sabot*.or “Wooden Shoe” heart, etc. Such — 
. Shapes. are not always characteristic: however, ands.” 


give no indication as to the structures involved. ae 


-¥sis ‘of the. appearance oF the cardiac outline with. 


- Phe contains of the yaricds ehabees of the neart a 
are further qaodified by tesions affecting: the: biped: 
stream as it flows: into or out of the chamber. ae 

~The accompanying siagratne indicating the care oe 
diag: contours: in ¥arious heart fesions have been rex s Ss ~ 
produced with the Sarenenion ot the New York Heart: 
Aseueiation. ae 


‘Left ventricular sealer cen ts furifeated Be: 
fan: ring of the lett ventricular curve — oe 
(Fig. B43), “Leeation of the point of reversal pulsa- —__ 
tion along the left border by fluoroscopic examination 
owillshow the npper. extent of the left. yentricle and - 






indicate: the: degree: ot tongation of the left ventricu : | 


lar chamber. ‘This tepresents the outflow tract or 
, heave muscular F porian alone the lateral wall con- =: 


causing ax. a Pay exposure. to: De made. | : : 


“hearts fit’ individuals: ‘the tall sen i 


PRINCIPLES. OF ROENTGEN INTERPRETATION 





$igt ee Lekt Veuteicuiay Bularuerienty The. 35S 


ureve ersal points of cerdisc eontraction seen on Fluaro= 


Gi 5 Aha te 


‘stoag ‘the Jett Gikder of the: heart pieeke the upper exe. : 
{otent of the left ventricular shadow. and indicates tS <0. 
pizes. Enlargement. of autflow tract is shown. by eR , 
a ion te deft and dawnward below diaphragm, 


In the felt enterior oblique view (eft. Figace), the 


[Hatiow: tract cauxes: posterior upward vrlargement ~ 
without elevation of the feit bronchus. 
| tricular. grascve con. frequently. be seen oo fluerckeopic. ee 
examination. on. the- interior border of the best, Realy 
the stormach, bubble «_ PY SINS IAI GOS BNA Pete ag BSS | 


‘Phe: intervens- 2! 


7 ; sereied: +n expressing the blood trom ( the heart into the Z 
systemic cireulation,- : 


“As the: musculature ‘wecomes jessand less: efficient, : 


plead: remaining in the chaniher prevents adequate 


function of the inflow tract during diastole causing’ 
ultimate: enlargement ‘of this portion ot ue chamber” 


The left’ auricle occtipies the’ left upper: ‘poatarige = 


portion of the heart; with its appendage it erie 
small portion of th 
the teft. ventricular. curve (Fig. 213). Enlargement 
— | of the left auricle is first indicated by posterior." | ? 
bulging of this chamber into the retrocardiac: region. : - Pe 
4. As it does se it displaces the esophagus, with which” . 
At isin close. telationship, - This can be best observed 


deft: tardiac outline just above. 





vin the right anterfor oblique view; the barium led 


es | Ssophamus which novmaily courses almost straight ” 
| downward through the mediastinum will be seen to. = 
bulge backward in a Sweeping curve as it passes: aver ie 


‘the posterior portion ofthe heart. This fs the ‘only - 


: | absolute means: ‘tor diagnosis: of eit auricular en. eS | ; 


largement,. There is. only one condition in which it: 


 fiay. not he valid; elongation ‘aft the: transverse por--: ees 
‘| tion of the aortic arch pulls the esophagus away from. 
| the teft auricle; when this occurs the esophagus tan 
no longer be used as a means of detecting left auricu- 
dar enlargement, Enlargement of the left auricle ©. 
“May assume massive proportinns; in ashe instance... 
| it formed a mass which almost filled the right pleural 


cavity, which at autopsy was found to contain more 


305 


CIRCULATORY SYSTEM 


"904 'ZE‘9ZEI “POW “307 JO ‘Gory wewhy °g ‘y ‘[ pas seBpoqyy °X °4 WOIZ 
, “aywuras 0 I-25 “UD ¢° 
ea we pee erick owas . rete oonie i; Sak ore Jqur, pi santa ae 
ue as : a "S$ + 6$'69 + E09 20 G-] ‘Tm og PSI = oss 
‘spanod dg ‘yqSram £3293 9 “WqSpaq “3'2 ‘aSu yo Bpecep AIZA9 10} "WU I PPB [8703 Sry) 02 PUT IqGFyoIm 30) 
ang G-L 0} aunzs3s 10} am3y G-L Ppe ‘Tenpyarpuy Baar’ w 20) Ja32UTeP BeBAsTEN [SUON puy OL 





























6L:1g cove ore oor vo LS oor! SL oor cet 9°ST "XbA 
L6'0g 99'tt grit . aes orcs: gi at 9°2I L°itT 
re! geet fe ok 29-45 85-for : g°IT gor | “UW 
eS-gé ree eric 96 eg ZS oeeee Le r 
ol tL ob ee <n oe atte: r61 Z°FI ez1 | ‘xeW g°SI Pel 
88°9 e . 
eee PR RR gat | oot | caay ee eee ra 
Ig FL epee : gor br so o$-10 061 ect 6°OT “UTA O°rT O°rT 
pir Mae ; 01 = ‘08 heen ve gai 
rid 9s rors 95-05 ee96 $1 z°el gt | ‘xeW e°ST 8°s1 55 
oo coat roe 6-65 116 e a: L°et VIt oAV 9°b1 b°ZI -SbI 
of 95'ge g'rgt 8 $1709 ge" ver ool 0°OT “UTA O°vT O°cT 
6g’ ee'ge egr tg ¥E-o9 19°$6 zl tg1 
105 ce : oOo S009 ig8 oH : : 
o+39 os-£e “ye = ine 3 ie ¢’el 9°21 xeW O’ST o’sT i 
19°79 "oe 8 oe 0 oi 3 oe v°sr oUt "OAV G‘et er ~981 
oro er9e Foor o$-19 81-06 rf 2°1l 9°6 S21 SII 
greg fy g e°Lor gf ol'19 et-6g gt 
WE-19 o$ Sz Sox SL Og't9 98 69 Sir E : : . 
509 ores ge9t is, oO ss"tg = re 8°eT oot Sol Tet SST 
oy 8 rr Pert ig:«9 rye at eee oa a ar -LZI 
- $ ni "951 of ag org lg ol sor cor oct ort 
mee eg cs 
oyys gi-ee wr og S¥-£9 br-19 me of a | Vit O°vI S‘2I 
ts wree esvr 99 ¥9'S9 tg" x B°IT LO! Z2°St 8°II 92T 
r°¢$ oO1'ee cv: $9 Sgto $L°6 S9 gt ‘ : -8II 
tes gfte gov1 %9 fo'v9 98°34 vox G*tT 0°OT O°eT Ott 
S$'3$ erie gar £9 ee'v9 r0'°gf ¥9 Sgr 
oer (08 . ct 19 i9'%9 te 191 er Sot c*el ett 
ee 80 eee gees kee U2 Zot 9°21 6°01 Bo 
ear oor se ONS ots er 9 OO 0°21 6°6 g°TI L'O1 oer 
% 61 sfcr 9S 9559 26°34 St 
wy ol-gt rer Ss L°Sg SorrZ 19 Sz 
a sn rr ar ri 
cs so r x2 i 999 te e9 se “wo Uy ENS “U°n *w9 ul “T°HA + “Un “Sql 
gE eB areer| eae 78| | "Raee| cower || 
‘saya ae <1 Siang Tay? = = -[3u0'] @SI9A -[3uo'] aSJI3A 
aasaasues WRIA asaasTel L WINING -sutly -Suelyh 
I I 
eer epee oe aan caver ee Tee ee eae adel &, TUAW pue YOLAVID word 


eSLNIWAUNSVAW OIHd VAYOOIGOHLAO 
YOd ATAVL NOILLOIGAYd S.AALSAT GNV SADGOH SLNANGTYNSVGAN LYUVaAH 


306 PRINCIPLES OF ROENTGEN INTERPRETATION 





Theoretical Transverse Diameters of Heart Silhouette 
for Various Heights and Weights 






HEIGHT 
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Refer to paper entitled “A Study of the 
Transverse Diameter of the Heart Sil- 
houette with Prediction Table Based on 
the Teleoroentgenogram’’ presented to 
the Association of Life Insurance ane 


cal Directors of mcrics by Dr. 

E. Ungerleider of the Equitable Life 
Assurance Society, and Dr. Charles P. 
Clark, of the Mutual Benefit Life In- 
surance Company. (1938) 
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UNGERLEIDER and CLARK’S PREDICTION TABLE, based on Teleroengenographic Measure- 
ments of the Heart. (Am. Heart J., 17:92, 1939). 
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TRANSVERSE 
DIAMETER ( MM.) LBS. 


PREDICTED AREA FROM WEIGHT AND HEIGHT, AND ACTUAL AREA FROM LONG AND BROAD DIAMETERS 





{ A =1/,L xX B | FOR ORTHODIAGRAM AND TELEOROENTGENOGRAM 


BROAD DIAMETER 


cM. 


ORTH. TELE. 


TRANSVERSE DIAMETER OF HEART AND AORTIC 


SILHOUETTE PREDICTED FROM WEIGHT AND HEIGHT 
WEIGHT 


HEART AORTA® 
80 


100 
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325 
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100 
105 
110 
313 
120 
125 
130 
135 


FOR TELEOROENTGENOGRAM 


@BFOR AORTIC DIAMETER ADO 1 MM. FOR 
EACH 3 YRS. OVER AGE 43 AND Sus. 
TRACT 1 Mm, FOR EACH 3 YRS. UNDER 49 


HEIGHT 
IN, CM. 
60 
184 
61 
156 
62-1 158 
63 + 160 
oa -f 162 
164 
65-1 66 
66 168 
67 + 170 
ea J 172 
174 
4-1 176 
70 + 178 
7) 180 
182 
721 86 
73 186 
74 -+ 188 
7s i 
19 
761 94 
77 “1 196 
78 4-198 


FRONTAL 
AREA 
sa. CM. 
ORTH. TELE. 
ot 66 1 6 
HEIGH 
70 
cM. 78 
74 +4 62 
s7 +145 78 + &% 
38 wo @T” 
59 ois 
60 
98 
61 +155 90 
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62 a 
63 160 ee 106 
o a 110 
ops tor Ty, 
67 170 106 118 
68 110 122 
69 Tt 7S ite 126 
70 118 130 
- ah 134 
oS 122 
79 7185 126 4 138 
ve ie 142 
75 190 is 146 
% 180 
77 + 195 138 
74 og mt tise 
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146 
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LONG DIAMETER 


195 
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215 
220 
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3% 


Hey fo Nomegiams 





17.0 


17.8 


The values for actual (or predicted) area are read at the point at 
which a straight line extending from the long and broad diameters 
(or weight and height) intersects the cardiac area scale. Ortho- 
diagram values are on the left, teleoroentgenogram values on the 
right. In the lower nomogram the predicted transverse diameter of 
the heart (left side of scale) or aortic arch (right side of scale) is 
obtained as an extension of a straight line connecting height and 
weight. A correction for age, as indicated, is necessary for the aortic 
diameter. Values exceeding 10°% above the predicted are abnormal. 


Adult Nomograms—Courtesy Picker X-Ray Corp. 
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TABLE FOR PREDICTION OF TRANSERVSE CARDIAC OIAMETER IN CHILDREN 
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WEIGHT, xo. 1s 15 te 17 8 19 20 21 22 3 24 28 6 77 OO 2 3% «(3) «32 334857 Dt 








—= =ind AD 





















IN." CM. 
36 76 8 69 
77 8 89 
31 78 8S 88 91 
79 8S 88 91 
60 84 87 90 
32 81 84 87 90 
82 83 86 89 
83 83 86 89 
82 85 88 
82 85 88 
G4 
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83 
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93 
3 
72 
86 92| 94 — 
80 86 91 | 93 D (in ems) = 2 Weight (in kilos) 
x; a ee Height (in meters) 
79 8s 90/92 95 
7” 84 87 90/92 9 
79 84 87 89/91 94 
73 83 86 89/91 93 % 
78 83 86 88/90 93 95 
77 2 33190 92 ¢$ 
77 85 89 92 
84 89 91 
84 ss 9) 
83 88 90 
83 88 90 
82 87 89 
82 87 89 98 
86 88 97 
8 88 90 97 
86 88 90 96 98 
8s 87 69 7319 98 
85 87 89 3 97 
84 86 88 92 97 99 
64 86 88 90 92 96 98 
63 86 88 90 92 9 98 
81} 83 85 87 89 91 97 99 
80/83 85 87 89 91 97 99 
73 80 84 86 89 91 9% 98 
73 80 84 86 88 90 9 98 99 
73 79 84 86 88 89 9 97 99 
72 79 83 85 67 89 95 97 9 
72 79 83 85 87 89 95 96 98 | 100 
72 78 8 85 87 88 94 96 98 | 99 
71 78 | 80 84 86 88 96 9 97 | 99 
71 78 | 80 84 86 88 94 95 97 | 99 
71 73 77| 79 84 86 87 93 95 97| 
70 73 77| 79 83 85 67 93 95 9 | 98 
70 72 771 79 83 85 87 92 94 96 | 98 
70 72 76| 79 Gs 8% 92 94 95 | 97 
72 76 | 78 84 8% 92 93 95 | 97 
7 86 1 93: 95'| 9% 
78 85 91 93 96 
77 85 90 92 96 
77 85 90 92 
77 84 90 92 
7% 84 89 91 
76 84 89 91 
7% 83 89 90 
83 88 90 
: 88 90 
es 89 
87 89 
87 89 
87 88 
8 88 
86 88 
86 87 
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Refer to papers entitled “The Anthropometric Index and the Transverse Diameter of the Heart (prediction table for children) — 
Boletin Clinica de Marly—Vol. X1—#5-6-7-8 (May to December) 1949 

NOTE: Predictions for subjects over 60” (152 cm.) may be found in a parallel chart “HEART SIZE MEASUREMENTS 
prepared by the Medical Denartinent of the Equitable Life Assurance Society of the United States. Copies are available from 
Picker X-Ray Corp. 
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_ PRINCIPLES OF ROENTGEN INTERPRETATION — 





Fup: Bae tet ‘Ausieular. Enlargement. 


Tn the atiterior. viEW. lett figure) the lett: buricie ties above. ane ss 


pemeeTy ak, ‘enlarges posteriorly | and, to the tight,’ after. oul g ing: beyond the right. border: of the hea ris Aye 
ie tthe right anterior abligse view: {center figubel, the euric ulaé mass. impresses its eontaur upon thee pee 
battum-tihed REO This is the ate means oF: fF peniiyety. Mentit ying left auricular Sealab gement {Sthors, 4 


ek at be. 


the lett augicle, 





Figs. 214, Rigt Ventricular Ehlargecieytl TH the 


anterior wLeON: (eft figure), little change may he: Stet: 


in cardiac: eontoar, other thati straightening - of the deft f 
‘borders of the. heart: and tons ot BEIEOONPY | curve, mines 


, enle: FReRIent ig anteriars: 


in the. right ante rier Qelique: view. tagne fiuseey I 
athe: anterion. ABE gtr ob: the, xardac shadow. altnost He | 


tends fo » the: anterioe. cheat wall, oblatevating space. 


than 2, ono ce. Sapre. was aide ivackence at the: 
main stem bronchi, with elevation of the: right side 


from pressure, and the esophagus was flattened pos- 


~f{eriorly and followed ihe aorta, Similar cases have’ 
been reportel (Raley and Franks), 
enlarges. upward also earrying: swith it the-left. bron- 
chus which it not only displaces. but-even: eonstricts.”: 
fron pressure; ‘this can test be: observed in the left 
anterier oblin 





| margin. 
‘The left auricte 


eview, There may be some accentua- | 
fion of the left auricular curve as Seen in the anteri- © | 
ar yiew but this is: yelstively Siight: compared | bo tine: 
posterior bulging of the chamber. {{ can be differen-__ 
tated t rom the: pouaionary conus, whieh sometimes pase 





ire ike lett anterior - btigue view, the tele beonctus is Carried apward betause a ( upward enlargement oL te 


produces a : prominence in this fete: by ‘ExeninstOA: 

in the lordosis position in which the conus is acter" 

tuated’ and the aaricuiar. shadow. disappears (eee 

_Mapual bt Reentgenclogical Technique). “35 
The righl veriricle makes up the’ major part of 

the: entering portion: of the heart (Pig, 214). The 








| -autiiow. tract: 46 the! muscular anterior portion: of the 


ventricular wall concerned with expression of bload  — 
from the apex of the right ventricle ta the pulbionaey. | 
valve and out into the puymonary circulation. In ithe 
‘right ventricle alsa the first: man ifestation of ens 





ah | Jargement is along this tract. 


. Since the cardiac ubdepenient: is. anterior: if may 
“be impossible to detect in the anterior view, ‘and 


| only possible to demonstrate | in the right anterior. ou. 


“ligue view. In this view considerable distance is: ee 
‘mally present, between. the front. surface of the: heart. i 
and the anterior chest wall; with enlargement. of te: 
right: wentricle: this {eee Space is: encroached UpOH ae : 
more and mone until it becomes: eliminated, ° eee 
‘Tn the ordinary anterior view of the chest, ‘the ee 
“ghanews: in rardias valline. produced by right venkeies i 
‘ular: nolargement nay: be so slight as ta be. enticely 
overinoked, as the: Tight. ventricle: becomes: Jarger: the 
‘overshadows more and more. ‘of the upper left, cardiac 
‘The region between the aortic. knob: above 
ani the left ventricular curve below (normally oceu~. Ke 
pied by the: pulmonary artery or conus and the Re 
lar depression or prominence), is: filled in ‘by. thes 
vovershadowing enlarged: right. ventrighe; giving fhe 
‘appearance of straightening of the cantour. 3 
SS enlargentent progresses, the inflow. ‘tract neo” 
becomes inwived. This is the tract between the tris = 
cuapid - valve and. the apex through which blood is ine 
jacked ista:t the. ventricle, aS causes, a t deepentnis of 





. Le Blood from the inferior vena cava belaw and the su" es 
_.\ perior vena caya above; the portion between these | 
---wespels is called the body of the auricle (Fig. 218). 


eae 2 of the auricle follows later. 








‘angibeck of ‘the. ainieaies curve. Bane ‘of: the 
“body of the right auricle shows as a downward end | 
backward projection. of the: ‘ardiac shadow. through 
a which, the wartum-Hiled esophagos: Beem to: TANS. Eo 


The right. auricle: Hes posteriorly; nt veceives 


Fhe auricular appendage extends anteriorly. The 

_ smooth. rounded curve on the right side of the: heart 
is produced by the right auricle..'The first manifes- 

- tation of: enlargement: is Sn the appendage, the: box ay 





Enlargement of the Suipeadawe: is best seen in the 
right anterior oblique view as an elongation. of the . 
horizontal segment of the right auricular curve; Ene 


-largement of the body of the right ‘auricle is best ob- 
| present. The more. long-lasting or more severe the ~ 
ward and backward projection of the cardiac shadow. - 
“loot this type to be observed. Correlated with, pulmo- 
| nary hypertension and the groas enlargement of the 
| hilar vessels and clearing of the peripheral. vaseula- See 
VALVULAR 1 ‘DISEASE. Valvaiag disease: ie mast: ee ture, is the presence: of small horizontal lines: about - 

-4 ene inch long seen near the costophrenic angles, the. oor 


Fight. sided valvular lesions, although they do occur, 2 ous lines of Kerley, (Carmichael, 


served in the right anterior oblique view as a dawn~ 


Sea which the barium. filled. paren seems to. 
ran : 


. commonly encountered in the left side of the heart; — 
are most frequently in conjunction with other left 

sided valvular deficiencies. 
doubtedly the most frequent site of involvement. 


| factors. 


Mitral Valvalar binaise ‘Rheomatic \eaindd of the ue S 





, ins ence 1s ‘ar i se atictency or r both 
stenosis and Inguffieteney. A Gukcattie eh Gtr Rage eats 


‘Mitral Bienoeie: | dheniuiy a Ph ‘atral, eaive pre- es aE 





! y OF he normal quantity of blood te the - 
left ventricle, At exceasive accumulation of blood i 
the ieft utrium results in dilatation of that chamber. 


‘The left ventricle semaine unchanged. The aorta, tag, 


is unaffected or may even be small when the amount | 
of blood repehing ae vessel 4s B Br ounty diminished. 


; Parent. i tee 
| Four. radiologic deatucen: of lett atrial euatpediant Oo | 
e | are the appearance, of the left. auriculas’ ‘appendage Ane ee 

‘| the BoA view, a double density in the pight cardiac =~ 
. | Shadow in P-A view, the posterior. displacement of — ~ 
B | the esophagus in ihe right anterior oblique: view, and Bas 
| the backward and upward displacement-of the poste- 
| xior heaft contour fn left anterior oblique view, Any —— 

? a | one of these four features may be present in nornial - gos 
Fig. 215. Enlargement ae Right ¢ ‘Kiley: hee: ze individuals, but when: any two.or more sre present, LA 


pendage, end Auricle. Paasrachest the: Fight auric-| {E significance is greater (Kaye), and teft atrial en- 


Sez spe ict etn cei coer | URS, S ral ee van mea, 


most reliable sign of left atrial calargemiits® 2 


|| alfers no resistance; this 
. |: Rotation of the hez ses 
: 3 ee (f Renkricte aseuming more and more of the tet SAL diac ee 
Se the Ganteiote: which ean 1 be observed fa the tett ante he = 

; os Slor oblique view. = = ee 


aes 


) hs ttre Konelition) progresses the hlood pts ia 


dammed back through the pulmonary circulation: te 





| the right ventricle; ‘causing enlargement: of this See 
| chamber algo. With severe and long standing stenp= ES 


sis pulmonary hypertension and its: concomitant — 


Se xa ee 


= 2 3 A : | - 


changes: in the: tig: vasewature peltern became ape ee 


As. the. right: ventricle enlarges, it extends to the , x : 





rt to. the lett, the distended right’ 





ROME ache 


| Tae since the unaffected or undersized left ventricle, : ss - : 
} CAUSES a Counter Glsckw ise: BO 


< |: Since, generally nesting: the best surgical 1 YOeos es 
i | sinte. in mitral valvular disease are obtained in. mitral - = ness 

ies - pténosis; it is Important to determine if the left: veo~ 

| >| trtele ig ‘enlarged, as it is with mitral insufficiency. 

| In pure mitral stenosis, the left: ventricle. ie small, 

| | and the aorta is not prominent. 


The changes in the CasetggeapBIe & apeearance 


of the pulmonary vasculature in mitrai-stenosis are 
not specific for mitral stenosis, buf are characterie= . 
eS tic of pulmonary hypertension. They consist of ene = See 
= | largement of the main pulmonary artery and main: 
| branches, with abrupt diminution in the caliber of the o 
| vessels more peripherally. In early or less severe — 


‘mitral stenosis, Buch lung changes are not usually 


stenosis, the more likely ate lumg vessels patterns - 


The rate or the degree of disappearance of the 


The mitral valve is une ie 3 eardiac and lung’ signs of mitral stenosis and pul-- 

) -gponary hypertension in’ the post surgical period is 

Rheumatic. fever anne Soren f tank Behe as etologieat mas variable, and not peceenery § ROFceiAles S with ane: 
ore he oe of fee improvement: ea se ten 


the left 0 that this chamber is forced to expand up-. 


qe | Mitral ieaivichincy: “Mitral copnegitatlon s without 2 
? | nasoctsted stenosis Is rarely encountered. In ‘this: ae 
“|. gondition left ventricular enlargement occuta ag well.’ 
| as teft atrial and rgiht ventricular enlargement, and — 
1 two lesions must be differentiated withthe help of ° 
-} -¢hinieal studies. The presence of a distended left 
1 -yentricke prevents expansion of the right. ventricle to cy 


ward causing jess rotation of the heart and a. ‘greater a “ Saha 


1 prominence of the pulmonary artery. The systolic rae 
ee nf the ate atriom, a Seecsibed as echaracter ~ ae Ae 
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istic of a mitral regurgitation, is thought not to be 
reliable since it is seen often with mitral stenosis 
alone. 


Combined Mitral Stenosis and Insufficiency. Radi- 
ologic 8 cons e alr escribed. 


Angiocardiography. This procedure is not needed 
for the routine diagnosis of mitral valvular disease. 
In pure mitral stenosis, prolonged, dense opacification 
of the left atrium is observed. In mitral insufficiency 
or combined stenosis and insufficiency, mixing of the 
opaque material between the left atrium and ventricle 
with uniform density is seen, (Zinsser). 


Aortic Valvular Disease. Most aortic lesions are 
luetic or arter{iosclerotic in origin, although some 
undoubtedly do follow rheumatic fever. Both stenotic 
and insufficiency lesions produce some enlargement 
of the left ventricle but with regurgitation dilatation 
may be extreme. The left cardiac border is charac- 
terized by marked convexity in these lesions, and the 
aortic knob is prominent. Depending in part on syphi- 
lytic or arteriosclerotic involvement of the aortic 
wall itself, either with or without associated hyper- 
tension, the aorta becomes dilated and has increased 
pulsatile qualities. In aortic insufficiency, promi- 
hence of the aortic knob is noted. The left atrium 
shows no enlargement unless cardiac decompensation 
supervenes. The right cardiac chambers are normal, 
and the pulmonary vessels are not unusual. 


Tricuspid Valvular Disease. Tricuspid valvular le- 
sions are very rare. They may become part of the 
picture of other valvular lesions as a result of rheu- 
matic fever however. Both cause marked right auric- 
ular enlargement however. With stenosis, as on the 
left sided insufficiency, blood is delivered to the right 
ventricle in smaller amounts and this structure re- 
mains small; the damming back of the blood in the 
auricle however, extends to the superior and inferior 
venae cavae (upper engorged vessel is visualized but 
lower is obscured by auricular enlargement). 





Pulmonary Valvular Disease. Lesions of the pulmo- 


nary valves are often associated with other congenital 
cardiac defects such as interauricular septal defects. 
The effects on the cardiac outline vary widely with the 
extent, character and location of the lesion so that it 
often is impossible to determine with any degree of 
certainty the character of the lesion present from 
roentgen examination. In pulmonary valve stenosis the 
pulmonary artery may show marked reduction in size 
depending on the degree of the stenosis. Or, the pul- 
monary artery may be thin-walled and dilated. If the 
stenosis is great, marked enlargement of the conus 
and right ventricle may be present. 


Pulmonary valve insufficiency permits regurgita- 
tion of blood resulting in sxpanaile pulsations in the 
pulmonary arterial branches seen in the hilar regions. 
On fluoroscopy this collapsing pulsation can be noted 


in the pulmonary vessels, giving the appearance of a 
“hilar dance.” 
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Arterial Hypertension—Effect on Heart: Arterial hy- 
pertension may be present for many years without 
showing material change in the heart shadow. Fol- 
low-up examination however usually discloses grad- 
ual increase in the size of the heart, most marked in 
the left ventricle, later involving the right side also. 
Broadening of the aortic shadow may be evident early 
in the disease or there may be elongation and tortu- 
osity of the aorta. 


Pulmonary Emphysema —Effect on Heart. Pulmo- 
nary emphysema presents an obstacle to the passage 
of blood through the lungs which results in right ven- 
tricular hypertrophy and dilatation which may not be 
recognizable in the ordinary anterior view of the 
chest (since there is ordinarily no actual cardiac 
malalignment). Angiocardiography with present tech- 
nic not reliable for differentiation between mitral 
stenosis and insufficiency. 

Poorer than clinical methods, (McAfee, et al.). 
Only in the right anterior oblique view is the promi- 
nence of the conus and pulmonary artery and enlarge- 
ment of right ventricle noted. Right heart failure ul- 
timately results in death with the systemic circula- 
tion all but unimpaired. 


Cardiac Decompensation. As long as the heart 
performs unction, regardless of the pathological 
lesion present, the circulation is maintained and 
there is no ill effect. As soon as the left heart fails 
to maintain the systemic circulation, there is a bur- 
den thrown upon the right heart through the en- 
gorged pulmonary circulation. This is indicated 
roentgenographically by accentuation of the lung 
markings of the hilum regions radiating outward 
into the lung fields, but fading out before they 
reached the periphery. Accentuation of the right 
auricular and pulmonary artery curves with en- 
largement of the heart to the right soon becomes 
evident in the roentgenogram. 


COR PULMONALE. Any disease which seri- 
ously affects the pulmonary cirtulation may produce 
an effect upon the heart, by pulmonary hypertension. 
Such diseases as emphysema, asthma, advanced 
stages of silicosis and other conditions causing fibro- 
sis of the lung, and sclerosis of the pulmonary ves- 
sels themselves (Ayerza's disease) may cause this 
condition. Rigler and Hallock describe the condition 
as a right heart enlargement and failure. Hyper- 
trophy and dilation of the right side of the heart, es- 
pecially the right ventricle, occurs; this may easily 
escape detection in the ordinary anterior view of the 
heart because of the location of the right ventricular 
chamber. In the right anterior oblique view, however, 
the enlarged right ventricle can be seen approaching 
the anterior chest wall. 


ACUTE CORONARY DISEASE. Angina pectoris 
may accompany any type of disease of the heart or 
great vessels. In a great number of cases in adults, 
however, the disease is primarily due to arterio- 
sclerosis or spasm of the coronary artery. This 
causes no change in the appearance of the cardiac 


CIRCULATORY SYSTEM 


outline. Occasionally, even small scars in the car- 
diac muscle from infarcts may be demonstrable on 
kymographic examination. By painstaking examina- 
tion these small portions of the cardiac musculature 
can be shown,to be without motion during normal con- 
traction of the adjacent parts. 

Although roentgenographic examination shows 
no demonstrable change in cardiac outline in this dis- 
ease, it sometimes is associated with acute pulmonary 
edema which is quite striking. This may be due to 
shock and impairment of the circulation, since the 
edema is most pronounced at the most dependent por- 
tion. It clears rapidly with recovery. Calcareous 
deposits may at times be demonstrable in the coro- 
nary arteries. 


CARDIAC ANEURYSM.* Cardiac aneurysm is 
found very rarely at autopsy; rarer still is it diag- 
nosed in vivo. They occur most frequently as dilated 
pouches from the left ventricle, due to atrophy of 
isolated areas of the ventricular wall from gradual 
thrombosis of the coronary arteries. In cardiac 
aneurysm, the narrowing of.the coronary artery, is 
from arteriosclerosis and the final occlusion is from 
thrombosis. For a cardiac aneurysm to develop, the 
rate at which occlusion occurs must be too slow to 
produce sudden death and too rapid to permit capil- 
lary compensation. 

Roentgenologically cardiac aneurysm may show 
abnormal bulging of the ventricular wall with pulsa- 
tion which is abnormal in the cardiac cycle. Pulsa- 
tion may be absent or even be paradoxical if the 
aneurysmal sac is small compared to the size of the 
chamber itself. Aneurysms near the apex are usually 
readily visualized; those near the base are most fre- 
quently confused with other cardiac curves. 

In differentiation of this curve from that pro- 
duced by other rounded structures such as tumor of 
adjacent organs, etc., recourse must be had to ob- 
servation of the changes in cardiac cycle during 
heart beat. Sayman has called attention to the 
changes in cardiac contour in cardiac aneurysm dur- 
ing forced inspiration and expiration. 

In cardiac aneurysm, the accessory bulge over 
the left ventricular region becomes accentuated dur- 
ing forced inspiration and disappears resuming a 
normal contour during forced expiration, 

Similar changes occur in cardiac infarct during 
its immediate occurrence; the flattened area over the 
left ventricle is accentuated during forced inspiration, 
and the heart assumes its normal contour during 
forced expiration. Kymographic studies show de- 
crease in amplitude of the heart beat over the in- 
farcted area and increase in cardiac contraction after 
exertion, a 

In “total cardiac aneurysm of the heart” there 
is paradoxical respiratory expansion of the heart. 

Unusual curves near the base of the heart are 
most frequently due to dilatation of the pulmonary 
conus or the sinus of valsalva or more rarely to 
sclerosis of the pulmonary artery in Ayerza’s dis- 
ease or coronary aneurysm, 
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D. Contractibility: On fluoroscopic examination 
of the heart, observation of the rate, rhythm and 
forcefulness of the beat are of importance and some- 
times are of decisive diagnostic value. The heart 
beat of course can be accurately determined by the 
pulse rate, but correlation of the systolic contractions 
of the heart with the pulse beat under fluoroscopic 
observation will often detect extra systoles which do 
not come through into the systemic circulation. The 
rhythm with which the ventricular beat follows auricu- 
lar contraction can be observed and any arhythmia 
noted. Observation of the nodal point of reversed 
contraction on the left cardiac border is of prime 
diagnostic importance; this point should be trans- 
ferred to the teleroentgenogram for further diagnostic 
consideration. 

The forcefulness of the beat may lead to the 
diagnosis. A small or normally sized heart with fee- 
ble ventricular contractions in a person suffering 
from dyspnoea on slight exertion at once suggests 
constrictive pericarditis. Whereas, a feeble or ab- 
sent beat of an enormous cardiac shadow suggests 
the possibility of pericardial effusion. If, under such 
conditions, the apex beat can be palpated well within 
such an enlarged cardiac shadow, it is definite con- 
firmatory evidence of pericardial effusion. If in ad- 
dition vigorous pulsation is seen above, without pul- 
sation of the lower portion of the cardiac shadow, this 
is additional evidence of pericardial effusion. 

Vigorous ventricular contractions which seem 
out of all proportion to the symptoms especially in 
children (in whom emotional reaction incident to the 
examination can be ruled out) are very frequently en- 
countered in patent ductus arteriosus. 


E. Mobility: Ordinarily the normal heart, re- 
mains unchanged in its position during respiration 
since any change in thoracic pressure is bilateral 
and equal. Any chest pathology which results in an 
inequality of pressure on the two sides will result in 
deviation of the elastic mediastinal structures to one 
side or the other. This elasticity of the mediastinal 
structures can be demonstrated by examining the 
patient while lying on his side on a stretcher before 
the vertical fluoroscope, first on one side and then 
on the other. In certain pathological conditions, the 
mediastinal fibrosis may limit the lateral movement 
of the mediastinum under such conditions. In chronic 
mediastinitis, study of the esophagus may show devi- 
ation in its course from scar tissue reaction, (see 
mediastinitis). 

Unusual tugging of the adjacent portion of the 
diaphragm with each heart beat may be due to pleuro- 
pericardial adhesions, corresponding to the clinical 
manifestations of Broadbent's Sign. 


F. Abnormal Calcifications 
INTRACARDIAC AND INTRAPERICARDIAL 
CALCIFICATIONS. Calcification of the heart valves 
and other intracardiac and intrapericardial calcifica- 
tions have been demonstrated roentgenologically by 
Sosman and Wosika. (Fig. 216). These are usually 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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more readily demonstrated by fluoroscopic than 
roentgenographic examination. This is because of 
the fact that their constant dancing motion blurs their 
roentgenographic image whereas it aids their detec- 
tion by fluoroscopy. Sosman lists the following con- 
ditions necessary for successful fluoroscopic detec- 
tion: 


1. Preparation of the eyes 

Type B fluoroscopic screen and fine focus 

tube 

3. For calcified valves look along the auriculo- 
ventricular junction 

4. Valves will show as dancing shadows 

5. Valves are seen best with deep held inspira- 
tion 

6. Valves are found best in slight R.A.O. posi- 
tion 

7. Valves are identified best in the marked 
L.A.O. position; the mitral being in the pos- 
terior third of the heart shadow; aortic valve 
in the middle third 

8, Other calcified areas which can be found and 
identified are: 

. Calcified coronary arteries 

. Calcified pericarditis 

. Calcified infarcts 

. Calcified endocarditis 

. Calcified tumor 


ean o p 


*A fluoroscopic screen of even greater brilliance has 
been developed, 


Calcified valves are most readily detected on 
inspiration with the patient in the posterior-anterior 
or slight R.A.O. position in the region of the auriculo- 
ventricular plane. ee 

This plane is readily located by determining the 
auriculo-ventricular junction (point of reversal pul- 
sation) on the left border of the heart and connecting 
it to the lowest point of the right auricular curve 
where it meets the diaphragm. This plane should lie 
at about 45° from the horizontal. Searching fluoro- 
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scopically in the region of this line, rotating the pa- 
tient 15 to 20° into a modified right anterior oblique 
position, dancing shadows of calcified valves should 
be most readily detectible. The patient should hold 
his breath to eliminate confusion from movement of 
calcified bodies in the lung. Since the aortic and 
mitral valves are located so closely together they 
usually cannot be differentiated in this view. Calci- 
fied valves can best be identified with the patient in 
the extreme left anterior oblique position. 

In the left anterior oblique view the aortic valve 
still remains almost in the center of the cardiac 
shadow while the mitral valve is displaced well into 
the posterior third of the cardiac shadow. 

The dancing movement of the shadows caused 
by calcified valves is far in excess of any other cal- 
cium deposits in the lung or hilum region with which 
they may be confused. Their amplitude of movement 
is similar to that of the ventricular contraction. Once 
detected their movement may be confirmed by kymo- 
graphic examination, (Rigler). For radiographic 
demonstration of valves rapid exposure (1/20 second 
or less) is essential. The target film distance may 
be reduced to 4 feet or less in order to gain speed of 
exposure with considerable advantage. It is even pos- 
sible to demonstrate calcified valves by body section 
examination. 

Care must be taken not to mistake calcified 
rings at the base of the valves as in the valves them- 
selves. Calcified and even ossified areas in the heart 
muscle from old infarcts are usually larger and are 
easily identified (Brean, et al.). Pericardial calcifi- 
cation appears as a shell about the heart. (Davies 
and Steiner.) 


G. Relation of Heart to Surrounding Structures 
Spinal curvature may cause definite dis- 

placement and rotation of the heart and great ves- 
sels, so that it falsely appears the heart is enlarged 
from intrinsic disease, Pectus excavatum results 
similarly in displacement of the heart to the left, 
giving the appearance of enlargement erroneously. 
Mediastinal tumors may by their size and location 
affect the heart. Esophageal tumors are not so 
likely to be of sufficient bulk to encroach upon the 
heart but the enormous esophageal dilatation associ- 
ated with cardiospasm may often displace the heart. 

Herniation of a portion of the stomach through 
the diaphragm, as a true hernia through the diaphragm 
either congenital or acquired, or hiatus hernia may so 
encroach upon and displace the heart as to interfere 
with its normal actionand cause pain. 


“Duplication of Cardiac Shadow,” by the gas 
bubble of the stomach herniated through the diaphragm 
to a position in the mediastinum behind the heart, may 
often lead to diagnosis of this condition, otherwise un- 
suspected (Nemec), (Fig. 217). 
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Hs "AORTA AND Great VESSELS 
ARTERIOSCLEROTIC AORTITIS“Fig.. 218). The 


aortic shadow, consisting of the superimposed shad-_ 


ows of the ascending and descending portions, 
should not exceed & cm, in width; any diffuse en- 
largement of the , 
Andication of aortitis. ‘This does not represent the 
true width of the aorta. The close apposition nf the 








= from the barium-filled esophagus to the der border © 





of the aortic knob. should fot. exceed Sem, CRS ‘Roes=. 


ler). This may be doe sither tty arteriosclerosis: or 
syphilis.” “The aorta ascands on the right, arches — 
across and descends on the’ left side, In the young 


genogram, As. the individual advances ia ‘years, the — 


vessel walls become less plastic, and the Vaseular 


- loop tends to untwist itseif. In. old: age, the veszel — 


-_.. walls may become very rigid, and inelastic and aiher 
_. omatous degeneration may occur, The aortic Shadow. 
Secs, may become broadened: tar: exceeding normal ae ie 





Figs 218 00 


| Tabet aortitis. This is attended by calcareous ake 
deposits in the aortic walls which are clearly: visible. See 
roentgenographically, ‘The pracess may beso pros 
nounced that the entire aorta. Bppears: to be calcified, 
Any appearance of calcareous. Plagues in Bee aortic 


| wall is evidence then. of arteriostlerntic aprtitis. 


as atation, © 


a beyond this measurement is. ee 


SYPHILITIC AORTITIS. progressive broadening _ 
of the aortic shadow ‘develops. ina relatively young in- x 


dividual, this is suspicious of syphilitic aortitis. 


Woltin has. pointed out that syphilitic aortitis is. often 0 


associated with caleareous deposits in the wall of the | 


ascending aorta either with or without anes ryemal dil- 


ography inyaetlan obs opaque iedig: 





“With an giocar 


(Dindrast oF Urokon} into the cireulation permits: flee : 
rect measurement of the width of the Ane lags uaa : 


ual of Roentgenolic Technique). Be 
_ BUONGATION AND TORTUOSITY OF THE AORTA. 


c Elongation af the aorta usually occurs in conditions in’ Bee at 
which excessive amounts of bined are rapidly: pumped eee 
into the vessel and then suddenly released as in aOTtIC 
| dasufficlency; or in increased blood pressure where <0 
) the increase in pressure within the vessel produces. a | 
a us to the left side ‘of the aorta makes it pos- o tendency to uncoil and. élongate: the: jpop produced by. ~ 
sible to more accurately determine this measure>_ ee 
ment. Actually the true width of the aorta, meastred 3 Pea e% 
“| fora considerable period of time, the aorta: finally bes 7. 
“comes so elongated that tortuosity results. Duatation oe 
5 {of the aortic struchires soon. ‘BupeTE ri eps 
eS saben. the degree of elasticity of the vessel wall, 


_| the aorta between its cardiac origin and its diaphrag-' nes. 
matic attachment. Where this condition is maintained = - 


nat 





Elongation of the aorta is seen best in the teft an- 


adult individual the ascending and descending por-— es terior oblique view, Just a5 a Joop ee rubber hose a 
tions are superimposed: it the anterior chest roent- | Nhsiid, Mere 
| stress of fluta under. increasing pressure, ‘0 ‘the: aor: Soot ee 
_ | tle loop tends to unceil, The ascending limb of. the - Sues 
| aorta in place of going vertically upward, forms 2: SSE Reo 
“broad circular sweep toward the anterior chest. walls Bs ee 
| the transverse portion: circles Upward even above the: Rave ae 
‘sternal notch, and, the descending portion sweeps far 
‘| backward to ite in ‘the rough to the. Jefe and posterior: Be ee 
aa to the thoracic spine. ee oe ors ase 
oo Jo The dis pigced acrta. produces pronounced changes Seetan 
ime ‘in the esophagus due to pressure in this abnormal po~ 
- | sition. “In the anterior view of the chest the sspteagus ae 
| shows & marked deviation to the left in its courae< 9 8s 
Sh tabs through the upper portion of the mediastinum. “This eae 
4} deviation of the esopharas: is usually associated with 
-. 2°} the appearsnze of an additional curve along the left). >. 
— =. }upper border of the heart due to the left border of the. SEP 


Ronee Z oF : descending sorta Gn the lett anterior. oblique position at 
| the esophagus deviates. backward drawn by adhesions 
| from’ ae epee are soisenine ROeIOn of the 4 
, Antta.: fe 


prac eae VEINS IN HEART keane” Atten- 
tion ig cued iy, Steinbach, et al. to examination of. ‘ 
the: pulinonary Vessels, especially the pulmonary 


| veins’ with. hudy=section roentgenography for evalua - 


‘tion ofthe p Meeree ¢ of polaoary ROnBedtion 4 in heart. 


ee Hipeise 


- PFU ett ETO OS PFN 
= Sry LD cues 


3 “This ts in cohtradistinctian to arterioscler- es roc 
othe’ aortitie in which calcareous deposits, are in the: = ups 
wit ‘ancl and. descending portions, ae 





Jeff to right How, patent ductus arteriosus, and | 


S83 RRA since the same amount of Dlood injected by 
Ser aee the: ‘heart-at exch: contraction into: the aneurysmal sac a OM cee 
ss time with this. condition. “Only by cluae correlation of a 
a the physical signs and symptoms with the radiological 

oe “Ainddings can the diagnosis be made. : 
“roundad appearance; owing to their close. association a i dee 


as = 


The « size Sok the eibuney feins correlates: well 
with the amount of pulmonary blood flow. Large © 
yeing occurred in cases of intracardiac shunts “0 





monury window. Smali pulmonary veins have. been 
‘found: in: pulmonic volvular stenosis, tetrology oh 


and in mitral insufficiency the pulrsonary veins are 
usually of normal size rather than enlarged. Occa- 


sionally they may be smaller than normal, even 


though the right. ventricle, pulmonary artery and ~ 


left atrium are definitely enlarged, due proba bly to a 


ronatr fection of the peripheral vessels. 


tis. is the forerunner of aneuryam. With the: fewer 


nurober of cases being seen due to improved primary a 


treatment, aneurysm of artertosclerotic. nature’ ARE: 
naw becoming more common. When the effects af. 


- syphilitie involvement became too great on the aprtle 
KG ese wall, the wall gives: way, and a. bulging aneurysmal sac 
. develops. Roentgenologically this appears asa round- || 
See RE sacculation Springing from the aorta. “They may = BS 
be recognized fiuoroscopically: by. their: expansile puke é 
sation, that is, with the Inrush of blood at each heart | 
_.. baat, the aneurysmal sac becomes suddenty disteided | 
~ sitnultaneously in ali directions. The larger the sac, — 


= ae ‘greater difficulty. is experienced in: detecting the 
| ile character of the pulsation. ‘This is only — 





wikl cause greater expansion. ina sar of small size 
than in one of Jarger dimension, — Likewise, media= - 
stinal tumors often. present a similar well-defined, 


with the great vessels, pulsation of a transmitted ~ 
character ja often observed, Under such conditions 
only angiocardiographic. examination by injection of 


opaque material into the blood stream may-aid jn. 
differentiating the conditions _ 
Sas eet Tecenigeel 3 





(See Manual ot Roeat- = 


PRINCIPLES OF ROERTGEN INTERPRETATION _ 


| Aneurgsinal dilatation of the aerending.’ ndrta 


be Vouiees out to the right {ram the region above the. oe os 


© alive origin of the vessels in this location ‘expansile — 


Re | | pulsation must be relied upon Tor diagnosis. Anea- oa 3 


{| systns arising from the transverse arch because of ~ 


| their retationship to the trachea, cause pressure aS Se 
Fallot and pulmonary thrombosis... Th mitral stenosis” ae 


this structure ta the right and forward as seen in the 


| antertor and left anterior oblique views. The APABS Paes 
|‘ verse arch passes beneath the left bronchus so that 
‘any dilatation of this portion of the aorta will. cause = Ou 


‘elevation. Df the left bronchus, characteristic seen 
wery clearly in the anterior. and left lateral views EL 


the chest; Aneurysms of the descending arch bolas = 
cy ‘ lo fhe: lett at apy location in. the ‘descending aorta. 
“AORTIC ANEURYSM* (Fig. 219), “syphilitic. arti A 


DISSECTING ANEURYSM? Rupture inte the alle 


hat the aorta with slow but steady dissection of its: 

| poate results in obliteration of the sormal curves. 
) shawn on both sides of the aorta, constituting adis- 
i secting aneurysm. Such. aneurysms may dissect be~ ie 
| tween the vascular coats far down drt the abdomen aps 


presenting ‘painful palpable masses, Rae 

‘The roentgenological diagnosis. depends upon the ce 
roentgen abservation of a rapid succession of 
SHnnger in the aorta over. a relatively, short period | 


4 pane! ile pulsation is rarely ‘of value in the @iaghoats: re 
| since in such aneurysms the’sac frequently becomes Ee 
& filed with clotted blood. Attimes the aneurysmal —— 
“as pathway: will again rupture back into the acrla lower ax 


are yt 


One would think that angiocar: aeapke, or injec- 5 





he tian of opaque material (70% Diedrast, ‘Neolopax, or 
a ze Urokon) would serve to outline the vascular struc- 
‘+ tures and proye with certainty the presence of such 
| a dissecting aneurysm but this is often-nat the case - 
vsinte the ROR is eAeemuently eloted int its BRA : 
Nee sated. sac, % 


am PERIC, AR. .O1UM. 


ACUTE ‘PERICARDETIEL Partent: hae | 


i ls! Sin pif the: pericardial’ Sao Can result especially ani 
po ghabds et. fron deplic: nifretion. Starting with: nih ihlink ay, 
} reanifestativg than aaqre: Ahroat Abide possible fox tans We 
: ‘fection ne. the: pericardial SAE take Pian: a, NERY aes eee, 

3 (Fave: ‘sighs: te lead do Us: detection. Rae 


Roenigenogs ophically the aed ce se AD 


PD ali fond oe Jittier jf-any enlargement | end. the. heart frat oe a 
LO Bee wats. the range ai narnia) as intheated: fiucetir: ’ 2s ee ads 
ny we scopicaliy,: “The. disgross is depends: ‘pon’ physite) ~ 2 
che ‘eters. gee 

SS Aa: da ret overs TE: “ennBy: OR TD. feank pericardial ee 


The prognosis te very grave tut some pan ae en 


eiissionawhich can te drained successfully ar the psx: a 


tent: may recover with tesulting fibrosis ofthe persis 


cardial: ‘gan, “The advent of Present day Pree | 


: siay: vhange: the prognosis: in, soe cases, 


> PERICARDIAL EFFUSION. irmally: the: fea Sees 
‘moves freely within the pericardial SAC. The peel oe 
“eardium 4 is  gHached iow to tre: ai rag ane. ae 








CIRCULATORY SYSTEM 


above.to the hilum of lung and great vessels. Any 


accumulation of- fluid within this sac will influence the : 


contour of the cardiac shadow. When the amount of © 


fluid is small, it gravitates to the lower portion of the 3 
sac, filling the cardiophrenic sinuses and straighten~ | timed 
ing owt the normal cardiac curves. With small} eri~ | the 





‘cardial effusions, then, , the roentgen appearance 
the cardiac outline may be one of x eh 
-ed from the neck” (Fig. 220A), 
As the effusion increases in: aioe. the aac bulges 








again imparts curves.to the lower portion of the car-— 


tiiac outline not unlike the: appearance of ordinary car- 


- diac dilatation (Fig. 220B). Differentiatins between 


= cardial fluid is practically of the same denstty.as the . 


heart if is impossible to distinguish the cardiac out- 


line within the pericardial fluid. Several methods are. 
at our command, however. First fusrescope the pa= 
tient in an upright position and note the: force of the 





heart beat. If definite contractions accur, ‘ventricular : 
following auricular contraction in normal Sequence, — ae 


then we can eliminate pericardial effusion of more: 
than very. Haak size. But, as only too often A pepo 


sible. &, by palpation under flucrascopic obgerva-- 
‘| ton, & definite ‘apex beat can be ee ae inside 
the re jon of the apical shadow, Sa A the same: 


ete. suspend. $35 
08 e Seed upon the shift of the pericardial flatd. if the pa LS . ; 
| NE ‘ent ts observed u under ane ees @, ae . 
_ outward beyond its diaphragmatic attachment on either | . ‘he Tou 
side at the bottom due to the weight of the fiuid. - ‘This | mos Fai n 2 shadow 
its beat, and the ipoecnset portion. develops. a more. 


ee | eo 
the detection af contraction by this means ig impos = oi = we mS 











Revered Doniematory. tests ee ise ide which 3 are. 






ig a ee ons, 


vigorous contraction. When this evidence is obtained SUS 


ES it ts absolute indication of pericardial effusion. °° 
these two conditions. sometimes. taxes the greatest re- | 
: ‘sourcefulness: of the roentgenologist: Since the peri- 


Or the follawing method may be resorted to: Two. 


| anterior roentgenograms of the chest taken under © Ere nok 


cisely similar conditions of exposure, distance, and 


| position, one. in upright position and the: other recum-. Ae 
bent, may show buiging of the lower port ny 
-¢ardiac shadow tn the upright position trom the weight 


tiga of the 





of the fluid, ff the fluid ts under great tensica, the’ 


— yariation in appearance may be 36 sient nat, Ey dé- A te Rea le Sra 
clalee, opinion cannot be rendered. : 


Ht there is assoc fated ciipuinipee rica telian a dette oe 2 2 
“nite level is imparted to the fluid which changes the 


ap | level on Change of position of the patient. Clinically — 


- - Boone te a epee sound on ee sReane and 





Fig. 220A. 





‘Fig. 2208. 


ey shadow sleae the left side of the cardiac shadow has 


been demonstrated by Kremens which 15 probably. ae 


‘| ton excoenive. distributtoo ae pericardial ibrosia. or. 
fat. 3 


‘Scatlitt, etal, ‘Pecommend the use of direct injec S - , 
tton of carbon dioxide into the venous system as an 


ald to diagnosis of pericardial effuston. 


With the patient in the left decubitus: position ‘the: 


! “ ROAIrar ray ig directed postercantertorly. at ne ae 


atrial level. = — 
A tank of 100% rarbon dioxide is aaed {iting an. 


. anaeathes|a bag: these are filled and emptied cepted Se 
| dy to flush out any contaminating air and connected: ta 
an {8 gauge needle inserted into the left anticubital’ 
ovetn. If serial film examination {s used at one eapbid > 3 
ie 1 eure per second a 15 ta 20 second period is used’ dur- 


ing: injection; or two 14xl7 films may be used. The — 


oo.) patient ta kept in left decubitus position until x-ray 
| Saya mination shows complete absorption of the: carbon 
oO) taxtde. Gas within the right atrial cavity will dis-— 2 
EE SORE the thickness of the space to the edge of the 
°° | @ardtae shadow, whether thick fron genres Guid 
Edina? = thin Fepresenting merely. the atrial wath 


“CHRONIC CONSTRICTIVE PERIGARDITIS® - 


ee (canineeise: af Peritardium), As a rrsult of previ. aE 


ous pericardial infection the pericardial sac may ben” 


Orns vhitterated: and the resulting fibrous tissue may. 
became: organized causing consisiction of the heart - 
{> by its contrac tions zm : 
: - tuberculous. character, calcium deposit in the perim 0° Ooo uo 
| gardium may be demonstrable in the: roentgenogram; . Alea ON) 


Hf the original. infwetign was ot: 


it may zeatice YE eNpSEnte. ‘of the: ARENT RENEE LEAT § br <3 oe ns 





‘Although there may be some hint of cardiac embar- 
eS Yaasment in the electrocardiograph, atill roentgeno- | 
as graphic examination may give little if 3 
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a due lateral 1 view tor its demonst¥ation. 


self evidence ot constrictive pericarditis, Stewart, 


et.al. have outlined the following findings as most) "| | 
otonelusive: xorntgen He ES ehfonit: conatrictive,, Bd Dy x 


SETSEERIRES, ESE 


Buell heart; ‘ghee the = patient ie Digs! ‘of: 
heart failure {flaid in. the chest, ascites, > ma 
7 liver-enlargéement, etc.) and small, aorta. 
Se Calcification of pericardium, — 
oo Bk Decrease in pulsation in otdinary anterior 
> fl¥eroscopic examination of chest; the heart : 
“J appears tobe “standing BHG ee : 
_. 4) Limitation of rmotion ‘of, the heart wih: chatige 
Te AS position of patient, — ‘ 
298; Decreased pulsation of the parks — ct he 


‘lateral margin of the Heart bis Roentgen: ae eC : 


= Rymagnare, : eee 


at ahewes ealciHeatica ey the peticanaions,, at. | 


| PRINCIPLES oF ROBNTGEN INTERPRETA TION 


re 46 oe ae are 5 





Fig, 221 nee ee - Be 


“present, $n: the mast. reliable sign.. ftmust be assay. e of : 


ciated with signa of obstruction ta be af: wigeiTic ance: 
since. the ares of constriction may ‘be localized to « ; 
position, in which: it calises. little fesetioan). jmpate- oes 
sent 2. 
“In tale: oxen Sepaaiie: a thia apaane aut 


| Taxing the: adhesions to. the chinet esl be a cardiolyeis. 
| operation, Clinically, this tugging | of the diaphragm - 

~ and pleura.is manifested by. traction g#on with each 

oe a heart beat on the posterior aspert at the HR low 
ES apn near its ses Siecenhc oe 


4 may: aceurmilate an: the ‘pericardium | and DEUCE aiving = ae 


: rise to the appearance at calcium: deposits. 


“In absence of calcification the most comm cay ae Se 


3 abnerved. sign is a small flattened aortic, knob BE. 
‘complete absence of the kerio formation, — ~ 


Smait size af eardiac shadow is. of most impor a 
|) show wide Yariation irom normal, Te 
| bring order to the great body of descriptive foatertal:- AS 
oak thks, subject, an arbitrary classification must be <—- 
| Antroduced to separate anomalies of development of 


tance. but Jarge heart does not rule out constrictive: 
pericarditis, as SSF 
Sa Oe fharoaropic t examination, decteane: in: ex> ee 
-‘gursion of the cardiac border may be detected Over 
the drea constristed by. pericardial thickening: there Set 
_ Ynay be limitation of Jateral shift of the hearton = °. 
chenging position | at the. patient ‘and limitation of — ; 
| elongation. mi the heart with descent of the diaphragm — 
oy evidenes of pleuropericardial. adhesions. Opera- 
tive remowal, atthe constsicting pericardial band may 
result in complete relief and cure of the disease. In 
other: cases: oanby Slight. Felief may be: experienced. iy 
Some patients may not suffer 408 much Ginebaity 
from the condition: RS a Fe SS ES PERT 





PLEUROPERICARDIAL ADHESIONS ele. 221), 
Adhesive pericarditis may develop to sucha degree 
that the entire pericardial space becomes obliterated. 


y indication 





apres” 


= -Teleroentgenographic examination 
: “shows. no. ‘cardiac enlargement, nor dees fluoroscopic 
s examination flisclose any distinctive varlation in car-— 
diac impulse. If, however, plearapericardial adhe- 
sions develop, then with each beat the heart can be 
seen tugging at the: daphragm. amd adjacent tung struc~ 
tures, Clinically this is known as Broadbent’s sign. | 
Rymographic. examination may aid Ri tHagnosis. x 
‘Such @ condition materially embarragges the cir- 





culation; it can be mebeved ms some instances. By re ne = 


amination, including fluoroscopic. stax 


| cages, but it is not a substitute for other en 


WW: CONGENITAL ANOMALIES OF HEART 
AND ABSOCIATED STRUCTURES - 


= reseital anomalies of circulatory. development 
(Fig. 242). Tas. 


the great vessels from anomalies of development tS 


“the heart igelf. This separation cannyt be: absolute, Bu 
since some conditions are coreposed of defects is — 





bath ‘the heart and great vessels, like transpx aition 
of the great vessels, th general, cardiac lesions. Fe= : 
solve themséives into septal defects, valvular: mals eo 
formations, and variations in the chambers of the 


| heart and Hreat vessels, The response of the heart 2 ven 
ta these various defecta is proportional to their se- 
a ee in disrupting the cardiac function, If this dis- ~~ 


organization af function be minimal and not affect mas oy 
terially the oxygenation of the blood and its suppiy oes 


the tissues,.such an anomaly like a small defect in — 
‘the interventricular: septutn may be compatibis with’ 


long life and may not even be detectable roentgeno- ~~ 
logically, If the cardiac lesion aliows 4 siniat of 


Bload fret right to left side of the heart, inadequately — 
axypenated blood is delivered to the tiasues. Dis- 


ability may then be severe, and the roentgenographic. 


changes pronounced, Diagnosis of congenital cardiac 


diseases begins with the clinical history and physical 
examination as the firm foundation, ‘Radiological ex- 
bade: ee 
tant; Angiocardiography may be essential in. Renal | 








Auxiliary diagnostic aids are electr cardiograghy } 


Re : 5 x . ; 
eS: a iti. Ee a2 <= ft _ 





CIRCULATORY SYSTEM 


NORMAL CIRCULATION 


MN, Ly dwt 
we I) 


okra} 


nH — 


V.C. Superior and inferior vena cava 
R.A. Right atrium 

T.V. Tricuspid valve 
R.V. Right ventricle 
P.Va. Pulmonary valve 
P.A. Pulmonary artery 
PV. Pulmonary veins 
L.A. Left atrium 

M.V. Mitral valve 
L.V.Left ventricle 

AV. Aortic valve 
A.Aorta 


Fig. 222 


and cardiac catheterization. It nas been estimated 
(Dexter) that in acquired heart disease, 60% of all in- 
formation obtained for diagnosis is based on the his- 
tory, 25%of the information is derived from the phys- 
ical examination, and only 15%is obtained from lab- 
oratory procedures like EKG and x-ray. In congen- 


= -3-eee—eye el 
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ital heart disease, however, only 15% of the diagnos- 
tic information comes from the history and 25% is 
furnished by the physical findings, with x-ray, EKG 
and cardiac catheterization studies supplying an over- 
whelmingly important 60% of the information. It is 
only by correlation of all available information that a 
diagnosis can be approached, and sometimes even 
this fails. 

The first radiological step in evaluating the con- 
genital heart disease patient is to radiograph the pa- 
tient in the posterior-anterior, lateral, and oblique 
positions. In the majority of cases, an essentially 
accurate and complete diagnosis can be made on the 
basis of ordinary roentgenograms in these fundamen- 
tal positions. A certain number of patients will need 
further examination by fluoroscopy in these standard 
positions. Venous or selective angiocardiography or 
aortography need be performed only in a minority of 
patients, in which the diagnosis cannot be established 
by the simpler means, provided the information avail- 
able from cardiac catheterization ts utilized. 


ANGIOCARDIOGRAPHY.* Certain symptoms may 
lead to the suspicion of anomalous development but 
for the actual demonstration of the lesion, visualiza- 
tion of the vascular structures after injection of 
opaque material is often essential. 

Angiocardiography is a method introduced by Robb 
and Steinberg for the visualization of the vascular 
structures of the heart and lungs. Opaque material, 
usually 80 to 90% solutions of Hypaque or Cardiogra- 
fin, rapidly injected into a peripheral vein or cardiac 
chamber, renders the blood opaque to x-rays per- 
mitting the visualization of the heart and vascular 
structures as it passes through. This method has 
been found to be of great aid in the detection of car- 
diovascular defects in congenital heart lesions. Ap- 
paratus has been devised for making x-ray exposures 
in rapid succession so as to visualize the various 
chambers and vessels of the heart as the opaque ma- 
terial is propelled through the circulation, (See 
Manual of Roentgenological Technique). The right 
posterior oblique position of the chest seems best 
suited to this examination. 

The risk of angiocardiography to the patient is low 
but appreciable. Death has occurred in 26 instances 
in 6824 angiocardiographies, most of the fatalities oc- 
curring in children with congenital heart lesions 
(Dotter and Steinberg). Morgan estimated a higher 
mortality rate, 1%. Angiocardiography is of little 
value in diagnosis of non-cyanotic congenital heart 
disease. Shunts are either not present or when they 
are present are left to right shunts which are not 
well visualized. In cyanotic disease, angiocardiogra- 
phy is of great value, demonstrating right to left 
shunts, septal defects, and malpositions of the great 
vessels. It should be remembered that little of the 


present angiocardiographic information has been con- 
firmed by anatomic Sradles: 


CATHETERIZATION OF THE HEART (Schnitker). 
Catheterization of the heart by passing a long opaque 
ureteral-like catheter through the vein of the arm and 
superior vena cava into the right auricle, ventricle 


Le PRINCIPLES OF ROENTGEN INTERPRETATION 


and pulvasthy artery and lis heaahan sceitiae the 
taking of bloed pressure readings and samples of — 
_hioad for oxygen determination, (cc of ©, per liter). 


irom locations in the various chambers of the heart; eae Soe 


this. ray be the only effective means of wnaking a dis 


agnosis in certain conditions since the roentgen pic-. | 
tore may not be charactertstic.: Multiple blood sam- Bates 


plea for oxygen saturation. values are withdrawn and 
pressure recordings are. made from the chambers 
and vessels. As the tip is guided by fluoroscopic 
control further knowledge of position of chambers - 
and communications between chambers is obtained. 
An associated determination is the blood oxygen. | 


saturation of a peripheral artery. (femoral). Cardiac. a Bi 
catheterization is valuable in studying the: tasness| a A et 


artery in both ‘cyanotic: and non-eyanotic disease. 

_ Stenosis, for example, is indicated by an abnormal — 
pressure drop as the catheter enters the pulmonary 
artery from the right ventricle. Valuable assistance 
ig gives in the diagnosis of iefi to right shunta on the. 
basis of abnormally. high oxygen contents of right - 


heart blood. The paasage of the catheter tip intoan | — 
aver-riding aorta or through a Beptal defert is posi- . | 


tive evidence of theae anomalies. Failure to do so. 
- does not exclade their presence. Lowered oxygen 


content of berebers), arteries blond: indicates : a rant = 2 


to. deft shunt. 


ee ANOMALIES oF ¢ STRUCTURAL DEY RLOP-_ Ss os | 
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be relied upon solely to diagnose patent ductus ar- 
teriosus, but the recognition of certain findings can 
confirm the clinical impression and exclude other 
lesions. Patent ductus may be attended by any or 
all of the following: 


a. Enlargement of the left ventricle 

b. Accentuation of the pulmonary artery segment, 
and increased pulsation of the pulmonary ar- 
tery and its main branches 

c. Increased vascularity of the lung fields 

d. Enlargement of the left atrium 

e. Dilatation of the proximal aorta 

f. Moderate increase in overall heart size 

g. Vigorous beat of the heart on fluoroscopic ex- 
amination out of all proportion to physical 
demand. 


ANGIOCARDIOGRAPHY. Venous angiocardiogra- 
phy is of limited use in the diagnosis of patent ductus. 
Seldom is the ductus itself visualized. The indirect 
signs of re-opacification of the pulmonary artery at 
time of aortic opacification, and dilatation and ele- 
vation of the main and left pulmonary arteries are 
seen in other anomalies. Dilution of the opaque me- 
dium in the main pulmonary artery, another indirect 
sign, is noted also in aortic septal defect. When the 
opacified pulmonary artery has in its column an area 
clear of contrast media in a position adjacent to that 
of the ductus anatomically, blood flow through the 
ductus from the aorta is suspected. 


Thoracic aorto by the retrograde injection 
of contrast material into the carotid or brachial ar- 
tery (see Manual of Roentgen Technique) will afford 
diagnosis of patent ductus arteriosus by demon- 
strating the ductus itself. More frequently, the diag- 
nosis is based on opacification of the pulmonary ar- 
tery from the aortic injection even though the ductus 
itself is not seen. A bulge of the aortic wall at the 
origin of the ductus, the infundibulum or diverticulum, 
cannot be considered diagnostic, since it occurs at 
the site of a normal increase in aortic caliber. 


Cardiac catheterization. Most of the time the di- 
agnosis can made without resort to cardiac 
catheterization. To differentiate patent ductus from 
similar lesions having left to right shunts (atrial and 
ventricular septal defects) and to exclude other ac- 
companying lesions, as well as in problem cases, 
catheterization is useful. When the catheter can be 
passed into the pulmonary artery, arterialized blood 
and a pulmonary artery pressure increase are found. 
Occasionally, the catheter is passed through the 
ductus into the aorta, clinching the diagnosis beyond 
all doubt. 


Surgical treatment. In 1939, a patent ductus ar- 
teriosus was first successfully ligated (Gross and 
Hubbard). Since then, surgical procedures for the 
aid of patients with congenital lesions have been de- 
vised and perfected with rapidity and ever-widening 


scope. 
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Ligation of the ductus re-establishes the normal 
flow of blood, drastically improving the prognosis for 
the better. Mortality for the operation is very low. 
When the patient is suffering from a bacterial end- 
arteritis of the ductus itself, ligation of the ductus 
will result in sterilization of the blood stream and 
recovery of the patient in most cases, although the 
operative mortality is higher under such circum- 
stances. 


PATENT DUCTUS WITH REVERSED FLOW. 
When sufficiently severe pulmonary hypertension 
supervenes ina patient with patent ductus, flow is 
reversed within the ductus. Blood flows from the 
pulmonary artery into the aorta, rather than from 
the aorta into the pulmonary artery. On film and 
fluoroscopic examination, right ventricular enlarge- 
ment is seen. The appearance of the pulmonary 
vessels is one of dilatation of the main trunks and 
attenuation of the peripheral vessels. Upon venous 
angiocardiography, the descending aorta is opacified 
immediately after the pulmonary artery without vis - 
ualization of the arch and ascending aorta. 


2. COARCTATION OF THE AORTA,* (Fig. 223B- 

1, B-2, and B-3). Another anomaly now of great 
practical importance is coarctation. Since 1945 this 
has been a surgically correctible form of hyperten- 
sion. The constricted segment varies from quite 
short to extensive. In more than 90% of the cases, 
the site of constriction of the aortic lumen is between 
the origin of the left subclavian artery and the region 
of the ligamentum arteriosum. Hypertension is pres- 
ent in the vessels proximal to the constriction, with 
a lower pressure and a diminished or absent pulse in 
the vessels below the lesion. Physical examination 
alone can make the diagnosis in most cases, by the 

screpancy of blo ressure readings e upper 








COARCTATION OF THE AORTA 





ne RAL 
CIRCULATION 


Fig. 223B-1 


ena —~——-—---— 


CBE See a 
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Fig.223C. Right aortic arch with left descending 
aorta. R.A.O. View. The right aortic arch passes 
to the right of the esophagus and trachea, then passes 
posterior (dorsal) to the esophagus as it crosses the 
midline to descend on the left. 


indenting that barium-filled structure as it courses 
downward through the mediastinum. In fact, the 
esophagus is in such close apposition to the aortic 
arch, that this method is used for the accurate 
measurement of the width of the aorta at this point. 
In the right anterior oblique position a shallow pres- 
sure defect is produced on the anterior margin of the 
esophagus by the aortic arch. In the left anterior ob- 
lique position the esophagus descends without signifi- 
cant indentation by other structures. In the anterior 
position the trachea may appear somewhat deviated 
to the right due to the normal position of the aorta 
on the left, but there is no indentation of the tracheal 
air column, as seen on lateral chest film, or as seen 
on tracheograms with opaque media. 


ROENTGEN EXAMINATION. In right aortic arch 
e aortic arch lies 


these relationships are changed. 
to the right of the esophagus. The roentgenologic 
sign of right aortic arch is displacement of the esoph- 
agus to the left on P-A view. Indentation of the esoph- 
_ on the right is the sign of right arch, regardless 
e position of the descen aorta. e aorta 
may then descend either on the rat or the right, the 
left descending course being far the more common. 
When the aorta descends on the right, there is no en- 
croachment upon either the posterior or anterior sur- 
face of the esophagus in either oblique view. The 
aorta after coursing to the right of the esophagus and 
trachea and over the right main stem bronchus, de- 
scends to the right of the esophagus and trachea un- 
til about the level of the ninth thoracic vertebra where 
it swings to the left to go through the aortic hiatus of 
the diaphragm. When the aorta descends on the left 
from a right arch, the radiologic findings are the 
same in P-A view; the esophagus is indented on its 


right border. In the right anterior oblique view, how- 
ever, the esophagus shows an indentation on its pos- 
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terior aspect (instead of its anterior surface) below 
the level of the aortic arch where the descending 
aorta crosses the midline, swinging back to the left 
side. The right sided arch displaces the trachea 
somewhat to the left. Neither of these anomalies, 
right arch with right descending aorta or right arch 
with left descending aorta is associated with symp- 
toms due to encroachment upon the trachea or esopha- 
gus. They should be recognized as one of the anoma- 
lies of the great vessel occurring with either normal 
or congenitally abnormal heart. 

Right aortic arch is present in about one-fourth of 
all Tetralogy of Fallot hearts, and is very frequent in 
other congenital heart lesions such as tricuspid 
atresia. It is also seen in dextrocardia without trans- 
position of other viscera. Angiocardiography and 
aortography are only rarely required to diagnose 
these arch anomalies. Chest films in the standard 
positions and fluoroscopy with barium swallow suffices. 


SURGICAL SIGNIFICANCE. The recognition of 
the side of the arch is mportance to the surgeon 
who must determine which side of the chest should 
be explored to perform an anastomosis of the sub- 
clavian artery or the aorta to the pulmonary artery 
for congenital cyanotic heart disease. For the Potts- 
Smith aortic-pulmonary anastomosis, the side of the 
arch must be known for the aorta is the systemic 
vessels used, and the procedure on the left arch is 
technically easier than on the right arch. The 
Blalock-Taussig Procedure makes use of the sub- 
clavian artery preferably, and knowledge of the side 
of the arch and the probable position of the sub- 
clavian artery is desirable. 


4. VASCULAR RINGS.* Many other variations 
occur, but more rarely, in the development of the 
great vessels. Modern roentgenology now contributes 
much to the detection and diagnosis of these condi- 
tions. Anomalous placement of great vessels gives 
rise to symptoms secondary to encroachment upon 
the trachea and esophagus. In the infant and young 
child, wheezing and stridor, bounts of cyanosis, re- 
peated respiratory infections, difficult breathing with 
retractions, dysphagia and regurgitation may be seen, 
or symptoms may not begin until late in life when di- 
latation and loss of elasticity of vessels cause changes 
in the relationships between the vessels and the 
trachea and esophagus. 

Such symptoms in the young should call for an in- 
vestigation of the esophagus and trachea by fluoro- 
scopic examination aided by opaque contrast ma- 
terial. Diagnosis can be made from routine roent- 
genograms by these methods in the majority of 
cases. In a few instances, visualization of the tra- 
chea by the use of Lipiodol is necessary for complete 
diagnosis. Angiocardiography or retrograde aortog- 
raphy is rarely necessary. Many cases of respira- 
tory difficulty which in previous years would have 
been blamed on an enlarged thymus are now known 
to be due to encroachment upon the esophagus and 
trachea by anomalous vessels. 


=  fesalts: ia double dortic arch: (Fig. 223. Dy oA sight 5 
.- aprtic arch may persist with total suppressism of kha fo 
oe tet arch, or the caudal BE ‘distal portion: of the: latter ~ 


= = tracheal and esophageal walls, and the determination: | 
_ of the side of the more prominent aortic arch and the 


: = gis and tharhes, as well as when it (passes, posterior | } 
Z zs te the j eserbenbe: | Phas) is the ereenten a0, EINE: sp oteeacer ne 


928 


PRINCI LES oF ROENTGEN INTERPRETATION 





‘Many ihe vasiatiogk ‘occur Gn the devalonnenl i 


-o6f the great Vessels, The evanescent character a 
the six pairs of embryonic arches, which. replace 

gach other in rapid © transition as. the heart wacends: in. 

“the tharax, supplies the basis for a-well recognized 

___seties of anomalies in which arrest. has occurred at 

$ i: pens that: iy sotnmipaly: mirrored: any he | hearte ES 

: ‘embryonic arches pachmnive the decatin arteriea.: The 
nay Sree BEER, that persists, an its. Splints ine 


Fie 


ae comes ‘the: definitive aorta: ‘the right. *foivtts pear ie 4 es ap 


normally. suppressed” in part, the cephalic: partion 


“ence of both fourth arches in their entire hetigth | 


ae may and usually does, coexist,.: giving rise: to. a right: 
aprtic arch with persistent lett toot,ar lett descend-- 
“Sng aortas 1. suppression af the r right ar left fourth 


“oF tharacic. “aorta, the: right subclavian from a per= 
ae a sistent right Foot, ar. the eft” subclavian from: a helt 

= “Poot, with. 3 resulting aberrant. subclavian artery. 
The sath maEeae become, the adult Bulenpey, ater, 


only persisting as the innominate artery. Persist ee ES Figs. 223 E-l and. E-2.  Peensure defepin’’ on = feaehea eee 
aS and esophagus Foon ¥ vascular: FPn catieed ays SE 


ge aortic. wreck, Bes is 









‘iptaterient: A ah eaccllent aucineinaive: classitication 2 2 a 
{- of anomalies of the aortic arch hax beén made Oe ES 
| Edwards with the functioning double adrti¢ arch: ae 

the basic patterns, and mith division. apt tee! Braups: 
| arek has: ecourred before the: astent: ot the ‘subclavian, ! 
one of the latter will arise from the descending aorta ~ 


‘the Fight: OF. “tet palnannary mrioeys. “Kivklin and: eS 

: Clagett and ‘Stones: and Effler have devised. classificas 

oF ties: systems. hased: on the finding. ‘of the Position, | ie 

{either right or. left, ol the | upper portion of the dee Se 

| s¢ending avrta, Since the poeition of the upperde< 0 

| scending aorta can ‘be determined roentgenvicgicaily; Naret DS 
| whereas the origin: ol the ductus can only be inferred: >. 


- {| this is 8 more practical classification. The position» ~— 





‘2-3, E-ak Roentgen: excitaination Jas be ‘directed’ 
: gt visualizing evidence of abnormal pressure an the - 


-(gide of the descending aorta, (E-1 and E~2), The ak 
‘important finding in this regard is a pressure: defect 


on the posterior surface of the esopbagus with anterior of 
"esophageal displacement, (E-3 and E~4). If this find= | 4 


ing js absent, it is highly improbable that 3 vascular 






- ” ing must be. caused by other Sonaitions. 


in aberrant sabe lavian: artery: Which te ek al 


os when it. eS ae 5 aS, sae HS ea Carat agate Ne 
vyascuh or ting* eee cause symptoms | ee Pige. qaag- Sand es40. bambrecsion. defarralty ean 


anterior to the esophagus or anterior to the esupha= - 


‘fing is present, and any. ‘symptoms suggesting aes Ee e 





aS ef the descending acrta may be Getectéd wy. observing . 
‘ the position of the esophagus. adjacent tG the upper” ec 


partion af the desc ending aorta. The left descending 


E ‘porta’ displaces the esophagus slightly” to: ‘the: right. Gh 
“the: ‘midline in its. upper half su that the ‘esdphagus ceive 
| appears to be closer ta. the right border wf the Spine 
(in P<A view than’ the left. The right, Sided upper de~ 
stending aorta gives a. mirror image of this, Although. 


the ductus arterinsus oF the: ligamentum: arteriosus. Bee 
lies ‘on the same wide as the upper descending. aorta ae we 


FS ‘this is not always. trae. 


Ina ‘double: aortic gece with upper axhcedding =. 


SB aorte on the left, the right artic arch is usually the 
‘larger and is: usually the. functioning arch, The left 
 dortic arch anay be atretiv in whale oe in pari. 


ata ‘the’ 


ap eft areh 48° ‘completely. patent): ww brie double ‘aephiis se: °. . 
. Pieorah oe ae eae DUET Fina is | mutiessatly Cane | 


s 
etter € te 


|} forward Mipplaceinents of Aaoninene 3 due to. double i ae *} 4 
Z aortic are Bs ES : hcl 


CIRCULATORY SYSTEM 


both esophagus and trachea will be compressed. The 
right arch runs first to the right of the esophagus 
producing an indentation on the right side of the 
esophagus on P-A view. It then runs behind (dorsal 
to) the esophagus, producing a filling defect on the 
posterior aspect of the esophagus, seen best in the 
right anterior oblique position. The left arch may 
produce an indentation in the left side of the esopha- 
gus as seen in P-A view, so that bilateral pressure 
defects on the esophagus are seen. Filling of the 
trachea with opaque oil will disclose associated pres- 
sure defects on the trachea, usually on the right in 
P-A view. In the lateral view, there is narrowing and 
anterior displacement of the trachea at the level of 
the aortic arch. It may be possible from the appear- 
ance of the defects to determine which of the arches 
is smaller, anterior or posterior, but this is risky, 
since a small vessel has been known to produce a 
large defect. Almost always a vascular ring of the 
double aortic arch has encompassed both esophagus 
and trachea, but on one occasion the trachea alone was 
said to be enclosed. Relief of symptoms is obtained 
by ligation and division of the appropriate portion of 
the vascular ring. 

When the aorta,descends on the right, a mirror 
image to the left descending aorta is present in double 
aortic arch. The left aortic arch ascends on the left, 
crosses over the left main stem bronchus, and runs 
behind (dorsal to) the esophagus. The right arch 
ascends on the right anterior to the trachea and 
esophagus and joins the descending aorta after pass- 
ing over the right main stem bronchus. This anomaly 
has been observed much less often than double arch 
with left descending aorta. At fluoroscopy with 
barium swallow, bilateral indentations are seen on 
the esophagus in the P-A view. Oblique views show 
the left arch coursing posterior to the esophagus 
displacing it anteriorly. 


4B. RIGHT AORTIC ARCH and LEFT LIGA- 
MENTUM ARTERIOSUM, (Fig. 223F) (Neuhauser). 





LA.-OBI. 


Fig. 223F. Vascular ring produced by right aortic 
arch and left ligamentum arteriosum—after Neu- 
hauser, Am. J. Roentgenol., 62:493, 1949. 
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Right aortic arch and left ligamentum arteriosum has 
been observed to produce tracheo-esophageal con- 
striction. The ring in this type is due to a right aortic 
arch with right descending aorta and a ligamentum 
arteriosum passing from the right pulmonary artery 
to the left of the trachea and esophagus and then 
behind the esophagus to join the thoracic aorta on the 
right side just below the level of the aortic arch. 

The aortic arch produces a shallow but definite in- 
dentation on the right side of the esophagus in P-A 
view and LAO view. The findings are very similar 
to a double aortic arch, but the indentation by the 
ligamentum is narrower and sharper than that caused 
by the vessel. Relief of symptoms was obtained by 
division of the ligament. 


4C. OTHER ANOMALIES OF THE AORTIC 
ARCH have been observed rarely. The complete and 
detailed classification of all the possible combina- 
tions of the vessels has been amply covered by 
Edwards. Single cases of unusual double arches, and 
unusual courses of one or more vessels have been 
reported; left ascending aorta with right arch and 
right descending aorta, left aortic arch with right 
descending aorta and associated with right or left 
ductus, right arch with left descending aorta associ- 
ated with a persistent left aortic diverticulum giving 
origin to the left subclavian and ductus arteriosus. 
Right descending aorta may be arteriosclerotic; may 
give impression of mediastinal tumor, (Snider, et al.). 
Observations of encroachment on esophagus and tra- 
chea with a logical consideration of the possibilities 
in each individual case will be necessary. 


5. ANOMALOUS RIGHT SUBCLAVIAN ARTERY* 
(Fig. 223 G) may cause compression of the esopha- 
gus, although the great majority are asymptomatic. 
This anomaly, one of the most common, is believed to 
be the result of abnormal disappearance of the right 
fourth arch, the artery developing from a persistent 
right dorsal aorta. This aberrant subclavian no long- 
er communicates with the ascending aorta, but arises 





Fig. 223G. Anomalous right subclavian artery as 
seen in the right anterior oblique view. An oblique 
pressure defect is seen on the posterior and lateral 
aspect of the esophagus. 
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as the last branch from the aortic arch. It arises 
usually about 1.5 cm. distal to the origin of the left 
subclavian artery, and always courses upward to the 
right, causing an imprint on the right posterior- 
lateral wall of the esophagus at the left of the third 
or fourth thoracic vertebra. The oblique esophageal 
defect is above the level of the aortic knob, and is 
best seen in P-A and L.A.O. views. The passage of a 
ureteral type catheter down the right brachial artery 
into the right subclavian artery and aortic arch has 
given undoubted proof of the aberrant vessels position 
in the living patient. Occasionally, severe lusoria 
dysphagia is produced by the vessels; relief is ob- 
tained by division of the vessel. Usually this anomaly 
does not produce symptoms and is noted as an inci- 
dental finding. In 80% of cases studies on anatomical 
specimens, the aberrant subclavian crossed the mid- 
line between the esophagus and spine, in 15% between 
the esophagus and trachea, and in 5% anterior to both 
trachea and esophagus. The anterior position has not 
yet been described radiographically. 


More rarely occurring is an aberrant left sub- 
clavian artery which arises from a right sided aortic 
arch, itself an anomaly. The aberrant vessel courses 
from below on the right to above on the left as seen 
by its impression on the barium filled esophagus. An 
innominate artery which arises to the left of the mid- 
line is another rare lesion. A pressure defect on the 
anterior surface of the trachea is produced by the an- 
teriorly ascending vessel. 


6. AORTIC SEPTAL DEFECT, a very rare 
anomaly, presents a picture very similar if not indis- 
tinguishable from patent ductus arteriosus (Gasul, et 
al.). The abnormal opening in the aorta above the 
valves is a communication between the aorta and 
either the pulmonary conus or pulmonary artery. 

The shunt of blood is from left to right, and cyanosis 
is therefore not present. The hemodynamics are 
practically the same as those of patent ductus, as are 
the clinical, fluoroscopic and roentgenographic and 
EKG criteria. 

Angiocardiography shows reopacification of the 
pulmonary artery after filling of the aorta, but with- 
out visualization of the location of the communication 
between aorta and pulmonary artery; these findings 
are also compatible with patent ductus. Diagnosis by 
retrograde aortography has been reported. The con- 
trast material could be seen to enter the pulmonary 
artery just above the semilunar valves. 


7. ANOMALIES OF THE PULMONARY VEINS. 


Return of Pulmonary Vein into the Right Heart 
Structures. One or more, and sometimes all, of the 
pulmonary veins may drain anomalously into the right 
sided structures, the vena cavae, or the right atrium. 
The clinical and radiographic findings are dependent 
on whether this drainage is complete or incomplete. 


Incomplete or Partial Anomalous Drainage of 
the Pulmonary Veins. Fig. 223 H-1. The clinical 


and hemodynamic findings are very similar and often 


vival is possible. 
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indistinguishable from atrial septal defect. The 
right heart and pulmonary circulation receive an 
increased blood flow. The right atrium and ventricle 
are enlarged. The pulmonary vessels, both central 
and peripheral are large. A shunt of less than 50% 
of the blood flow from the lungs into the right heart 
is compatible with a normal life, although there is 
stress on the right heart. As with other left to right 
shunts of high volume, pulmonary hypertension may 
develop. 





Fig. 223H-1. Partial anomalous drainage of the pul- 
monary veins. The abnormal pulmonary vein may 
enter the vena cava or the right atrium. 


On the plain films, occasionally a malposed 
vein may be detected. Cardiac catheterization is 
diagnostic if a stream of arterialized blood is found 
in the vena cava. A stream of arterialized blood in 
the right atrium indicates anomalous pulmonary vein 
return, or an atrial septal defect. Direct evidence 
is the passage of a catheter into the anomalous ves- 
sel itself from the vena cava, or the right atrium, 
although it will be difficult to determine if the cathe- 
ter passes through a septal defect before passing 
into the vein. 

Angiocardiography can differentiate between 
anomalous pulmonary veins entering the right atrium 
and an atrial septal defect, whereas catheterization 
cannot. Angiocardiographic diagnosis is made upon 
seeing dilution of the contast material in the vena 
cava or right atrium by a non-opaque stream. 
Kjellberg advises selective injection of the contrast 
material into the pulmonary artery or right ventri- 
cle to visualize the anomalously returning veins. 

EKG will show a right bundle branch block, 
and right ventricular hypertrophy. 


Complete Anomalous Drainage of the Pulmon- 
ary Veins is incompatible with life unless there is a 
communication between the right and left hearts, an 
atrial septal defect. Fig. 223 H-2. Right atrial and 
ventricular enlargement and prominence of pul- 
monary vessels, characteristic of left to right shunts, 
are present. The aorta is relatively inconspicuous, 
and the left atrium is not enlarged. The prognosis 
depends on the size of the septal defect. If large, sur- 
If small, systemic circulation is 
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Fig. 223H-2. Complete anomalous drainage of the 
pulmonary veins. An atrial septal defect is neces- 
sary for survival. 


poor and death results early. On cardiac catheteriza- 
tion, the oxygen content is found to be identical in the 
heart chambers, pulmonary artery, and aorta. Direct 
evidence too is the passing of the catheter into the 
anomalous vein. 

A “figure of eight” appearance of a P-A chest 
film has been described (Fig. 223 H-3) as character- 
istic of complete pulmonary vein drainage into a 
persistent left superior vena cava, which in turn 
drains into the right superior vena cava via a left in- 
nominate vein. The anomalous and dilated venous 
channels form the upper half of the “eight,” the cardiac 
contour the lower. Although the diagnosis can be made 
by films and catheterization, selective angiocardiogra- 
phy into the pulmonary artery will give information 
of surgical importance, the position of the veins 
relative to the left atrium, and superior vena cava, 
and determination of the left atrial and mitral valve 
size (Kjellberg). 


8. IDIOPATHIC DILATATION OF THE PUL- 
MONARY ARTERY is characterized by a large pul- 
monary artery without other signs of cardiac abnor- 





Fig. 223 H-3. “Figure of eight” configuration of 
complete anomalous pulmonary vein drainage into 
persistent left superior vena cava, 
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mality. Heart chamber enlargement is not present. 
The abnormally large main pulmonary trunk has no 
increased pulsations. The peripheral pulmonary 
vasculature is normal. This condition is of clinical 
importance, because it may be confused with more 
serious causes of pulmonary artery enlargement, 
such as pulmonary stenosis or left to right shunts. 
Angiocardiography and cardiac catheterization may 
be necessary to completely exclude these possibili- 
ties. 

A rare vascular anomaly of great vessels in an 
anomalous course of the pulmonary artery producing 
respiratory symptoms. Roentgenographically this 
appears as a pressure defect or indenture running 
across the esophagus similar to an aberrent sub- 
clavian artery, (Wittenbo rg, et al.). 


9. ARTERIO-VENOUS FISTULA OF THE 
LUNG. This subject is discussed under Chapter on 
Lung Diseases. 


10. ABNORMAL PULMONARY ARTERY ASSO- 
CIATED WITH INTRALOBAR PULMONARY SE- 
QUESTRATION. Intralobar pulmonary sequestration 
is a partial or complete developmental separation of 
a portion of a lobe of a lung from its continuity with 
the normal bronchial tree. In this segment of the 
lung congenital cystic disease of the lung may occur. 

The etiologic factor in intralobar sequestration 
is an anomalous artery that arises from the lower 
part of the thoracic or upper portion of the abdominal 
aorta or from one of the branches of the celiac axis, 
(Pryce, et al.). 


B. ANOMALIES OF CARDIAC POSITION. Dex- 
trocardia or a right-sided heart in which the apex 
points to the right may occur alone or it may be asso- 
ciated with total transposition of all of the viscera, 
(Situs Inversus). The heart is anatomically normal ex- 
cept for its being a mirror image. This anomaly is 
itself of no pathological significance and gives rise to 
no characteristic symptoms with one very rare ex- 
ception; a high incidence of nasal sinus disease and 
bronchiectasis has been observed associated with situs 
inversus, (Kartagener’s triad), suggesting possible 
congenital origin of bronchiectasis. Diagnosis is no 
problem if correct marking of the film is assured. 

Dextrocardia in which other viscera are not trans- 
posed, however, may be associated with other heart 
defects; its recognition should stimulate search for 
other cardiac lesions. 


DEXTROVERSION, as pointed out by Welsh, is an 
unusual type of dextrocardia resulting from congenital 
nonrotation of the heart, differing in its embryologic 
aspects from other types of dextrocardia. It may 
occur as an isolated anomaly or be associated with 
other congenital defects. 

The diagnosis may be made on the basis of a nor- 
mally functioning heart with normal chamber develop- 
ment (as detected by electrocardiogram) and roentgen 
indication of right-sided heart. 

Location of the heart outside of the thorax is ex- 
tremely rare. Radiological diagnosis is obvious if it 
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should escape physical examination. Associated de- 
fects and cyanosis are said to be common. 


C. ANOMALIES OF STRUCTURAL DEVELOP- 
MENT OF THE HEART. Great credit must be ac- 
corded Maud Abbott whose early investigation and 
classification of congenital heart lesions is the 
ground-work upon which our present conceptions have 
been built. The meticulous work of Helen B. Taussig 
in analysis of the ordinary roentgenograms of the 
various congenital heart lesions has done much to 


advance our knowledge in this intricate field. Count- 
less others have approached the subject from various 
viewpoints in an effort to bring some sort of order 
out of diagnostic chaos. A “rational guide to the step- 
wise diagnosis of congenital malformations of the 
heart” has been recommended by Bing, et al., which 
attempts to correlate the roentgen manifestations 
with other clinical and laboratory findings, in a dif- 
ferential diagnosis of various cardiac anomalies. 

The initial classification is physiological; like most 
others it is based on an obvious clinical finding, 


Table I. CLASSIFICATION OF CONGENITAL HEART DISEASE: CYANOTIC GROUP 


(Reproduced with permission of authors and publisher, BING, et al, Correlation 


ysiologic, 


Radiologic and Electrocardiographic Findings, Ann. Int. Med., 37:664, 1952) 








Pulmonary Flow less than Systemic Flow - Pulmonary Artery pressure Usually Decreased 


Fluoroscopic Findings 


Diagnosis 
Tetralogy 


Pseudotruncus 


Tricuspid Atresia 


Enlarged and Boot Shaped 


Concavity of lower right 


Lungs: Size and Shape Heart Pulm. Window | Pulm. Seg. | Electrical 
preponderance 


Elevated Apex, not enlarged, 
“Coeur en sabot” 


concave right 


concave right 


concave left 


border in PA Projection 


“Coeur en sabot” 


Transposition of Great 

Vessels with Pulmonary 
Stenosis positions 
Ebstein’s Disease with 
Patent Foramen Ovale 


Enlarged 
Pulm, arterio-venous 
fistula 

Patent foramen ovale 


or auricular septal de- 
fect with pulm. stenosis 


Eisenmengers Enlarged 


Complete transposition 


Enlarged. Narrow Mediasti- 
nal shadow in AP and Lateral 


Enlarged or normal 


Slightly enlarged 





Enlarged, Narrow me- 


combined 
heart strain 


concave 


convex right 

right or left 
with bundle 
branch block 


convex 


convex right 


convex right 


right 


diastinal shadow in AP, widen 
ing in Lateral, absence of 


aortic knob 


Patent ductus with re- vascular 


versed flow 


Enlarged 


Truncus Arteriosis vascular 


Enlarged and boot shaped 





right 


concave left or right 
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cyanosis. Secondary divisions of the main groups are 
othe Fes TETRALOGY OF FALLOT 


is of lung vascularity and its effects on the 
size and shape of the pulmonary artery segment. 

With but few exceptions, cyanosis indicates a right 
to left shunt. The secondary differentiation is made 
on observable findings of the ordinary chest roentgen- 
ograms, and at fluoroscopic examination in the stand- 
ard positions, these findings being indicative of the 
altered hemodynamic status. In certain instances, 
diagnosis may depend upon findings obtained by non- 
radiological methods. For instance, a characteristic 
murmur will be heard in patent ductus arteriosus, and 
cardiac catheterization will be necessary for detection 
of the abnormal pressure relationships in pulmonic 
stenosis. The EKG is the deciding point in differenti- 
ating many cases of tricuspid atresis, by reason of the 
left axis deviation. In other specific instances, angio- 
cardiography or retrograde aortography may be the 
crucial diagnostic test. 

In an effort to simplify the subject, the most im- 
portant congenital cardiac lesions will first be illus- 
trated by a diagram, and then the anatomical and phy- 
siological abnormalities correlated with the findings 
on roentgenological examination, (Bing et al.). 


1. TETRALOGY OF FALLOT.* (Fig. 2231) con- 
sists of 
a) Pulmonary stenosis 
b) High ventricular septal defect 


oe =o p> 0 





Fig. 2231-1. Diagram of Circulation. 


c) Dextroposition of the aortic root 
d) Right ventricular hypertrophy 


The altered hemodynamic status is due to the pul- 
Table IL CLASSIFICATION OF CONGENITAL HEART DISEASE: NON CYANOTIC GROUP 
(Reproduced with permission of authors and publisher, BING, et al, Correlation of Physiologic, 
Radiologic and Electrocardiographic Findings, Ann. Int. Med., 37:664, 1952) 


Pulmonary Flow Greater than Systemic Flow and/or Pulmonary Artery Pressure Normal or Increased 


Fluoroscopic Findings 





Diagnosis _Lungs Size and Shape Heart Pulm. Window | Pulm. Seg. | Electrical 

preponderance 
Isolated Septal Enlarged haz 
rr y convex right 
uncomplicated 
Lutembacher’ s vascular | Enlarged hazy very prom-/ right 

inent 

Ventricular septal vascular | Enlarged, usuall 
ot ged, y convex left or right 
Patent ductus vascular | Enlarged convex normal or left 
Aortic septal defect vascular | Enlarged normal or left 
Anomalous venous re- vascular | Enlarged right 


turn with pulm. vein 
emptying into vena cava 
or right auricle 


Pulmonary Flow Equals Systemic Flow at Rest and After Exercise 


Pas pmo vowels] ler | Pana = 


328 


PRINCIPLES OF ROENTGEN INTERPRETATION 





monary stenosis, which hinders the flow of blood 
from the right ventricle to the lungs. The high ven- 
tricular septal defect, and the overriding aorta, 
serve as an outlet for the blood from the right ven- 
tricle. Because of the pulmonary stenosis, the right 
ventricle pressure is high, and the ventricle hyper- 
trophied and enlarged. The pulmonary stenosis and 
the communication between right ventricle and aorta 
Prevent adequate blood flow to the lungs, and allow 
shunting of venous blood to the major circulation. 
The clinical features which result from these abnor- 
malities are generalized cyanosis, clubbing of the 
digits, compensatory polycythemia, symptoms of 
cerebral anoxia such as convulsions and uncon- 
sciousness, and a tendency to assume the squatting 
position. Cyanosis is usually present from birth. It 
may vary from minimal to severe, depending on the 
degree of the pulmonary stenosis, and the position of 


‘ 


Fig. 223 I-2. Tetralogy of Fallot showing “coeur en 
sabot” the typical boot shaped heart. The apex is 
blunted and elevated. The upper arrow indicated the 
concavity of the pulmonary artery segment. The 
lung fields are avascular. 


the aorta. The pulmonary stenosis is mainly of the 
infundibular type, but can be solely valvular, or both 
infundibular and valvular. Right sided aortic arch is 
present in 20% of cases. (See Anomalies of the 
Aortic Arch.) 


Roentgen Examination. In the P-A view the overall 


size of the heart is not increased. Due to right ven- 
tricle enlargement with elevation and blunting of the 
apex, and concavity of the pulmonary artery segment, 
the heart typically assumes the shape of a boot, 
“coeur en sabot.” The pulmonic stenosis and de- 
creased flow in the lesser circulation results ina 
diminished pulmonary vascular pattern. When post- 
stenotic dilatation of the pulmonary artery is present, 
the pulmonary segment is not concave and the heart’s 
appearance is not distinctive. Similarly, although 
clear lung fields are the rule, the vessel pattern can 
be normal, or even be increased. The lateral view 


reveals the right ventricular hypertrophy and enlarge- 


ment as bulging of the anterior surface of the heart 
and filling up of the retrosternal space. Dilatation of 


the aorta reflects the increased blood flow in the sys- 
temic circulation. The left atrium and ventricle are 
small. 


Cardiac Catheterization is of value in confirming 
the presence of pulmonic stenosis. The pressure is 
high in the right ventricle, and low in the pulmonary 
artery. The catheter often passes from the right 
ventricle into the dextroposed aorta, revealing an 
equality of pressure in the aorta to that of the ven- 
tricle. The ventricular septal defect may be demon- 
strated by passage of the catheter from right ventri- 
cle to left. 


Anglocarclography offers proof of the right to left 
shunt occurring through the high ventricular septal 
defect and the overriding aorta. The aorta is opaci- 
fied at the same time as the pulmonary artery from 
the right ventricle. 

Since the size and appearance of the outflow tract 
of the right ventricle depends on the phase of the 
cardiac cycle, careful evaluation of the serial angio- 
graphic films must be made of the area. The type of 
stenosis, valvular or infundibular, will be demon- 
strated. A finding when the stenosis is of the infun- 
dibular type is a chamber known as the third ventri- 
cle, located in the proximal portion of the pulmonary 
outflow tract. 


Surgical Aspects. Tetralogy is the most common 
of the cyanotic heart lesions. The patient may die 
young, or if the pulmonary stenosis is not too severe, 
he may live without surgical intervention. Tetralogy 
of Fallot was one of the first lesions to be attacked 
successfully by surgery. This is accomplished by 
the creation of an artificial patent ductus arteriosus. 
Blalock and Taussig anastomose the subclavian ar- 
tery to the pulmonary artery, Potts, Smith, and Gib- 
son anastomose the aorta to the pulmonary artery 
side to side. Both operations allow increase in the 
blood flow to the lungs so that blood may be better 
oxygenated. More recently with open heart surgical 
technics, a direct correction of the pulmonic stenosis, 
and closure of the septal defects has been utilized. 
Knowledge of the position of the aortic arch and its 
branches, the size and position of the pulmonary ar- 
teries, and the degree of overriding of the aorta is 
important in evaluation of the patient for surgery, 
and for the type of operation best suited to him. 


2. TRICUSPID ATRESIA (Fig. 223J), consists of: 
a) Atresia of tricuspid valve 
b) Right ventricular hypoplasia 
c) Pulmonary artery stenosis or atresia 
d) Decrease in lung vascularity 
e) Patent foramen ovale or atrial septal defect 
f) Patent ductus arteriosus or interventricular 

septal defect or both. 


In tricuspid atresia (Fig. 223 J-1) there is little if 
any blood going to the right ventricle through the tri- 
cuspid valve; the blood passes directly through an 
atrial septal defect or foramen ovale to the left auri- 
cle, thence to the left ventricle, and out by way of the 
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TRICUSPID ATRESIA configuration similar or identical with that of the 
mirror image of Tetralogy of Fallot (Fig. 223 J-3). 
The so-called characteristic appearance of tricuspid 
atresia has been actually observed only in a minority 
of cases (Fig. 223 J-4). It consists of diminished 
convexity or actual concavity of the lower right bor- 
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4 | der of the cardiac silhouette in the anterior view, 
‘ which is the direct result of the insignificance of the 
' RA right ventricle. In the left anterior oblique view, the 
Ay oie, cardiac shadow does not project toward the anterior 
7 I ; | \ chest wall beyond the shadow cast by the aorta. The 
LUNGS BODY left ventricle fails to clear the spine in the right an- 
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terior oblique view. All cases show absent pulmo- 
nary segment and clear lung fields and a clear aortic 
window. The superior vena cava may be visible due 
to increased pressure in the right auricle. Dispro- 
portionate right atrial enlargment indicates a small 
interauricular septal defect. The enlarged right 
auricle rotates antero-laterally on the right to ob- 
scure the absence or hypoplasia of the right ventricle 
by filling the right border of the heart, producing a 
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TRICUS p! D cardiac silhouette similar to that of Tetralogy of 
R.A ---—- >R.V-->P.A—>LUNGS -> PV.—> sn 
$ na Astley has described the shape of the left ventricle 
as characteristic for tricuspid atresia. The apex is 
wee SEPTAL } INTERVENTRICUL AR SEPTAL rounded and blunt. Angulation and local prominence 
‘ eae DEFECT of the left superior cardiac border in its lateral and 
LAY amg LV tm A =m BODY <P VC. <> dorso-lateral aspects is considered due to the over- 
Fig. 223J-1. Diagram of Circulation. lapping of the enlarged left auricular appendage. 


aorta. Blood finds its way to the lungs through a 
ventricular septal defect into the pulmonary artery or 
via a patent ductus. The vascularity of the lungs is 
decreased and the left ventricle is enormously en- 
larged. 

In clinical course and physical findings, tricuspid 
atresia is very similar to Tetralogy of Fallot, with 
cyanosis from birth, dyspnea, clubbing of digits, and 
retarded growth. — 


Roentgenologically, many of the cases have an ap- 
pearance identical to Tetralogy of Fallot (Fig. 223 
J-2). Other cases have a roentgen appearance of 


dextrocardia (without situs inversus) with cardiac Fig. 223 J-3. Tricuspid atresia; mirror image to 


tetralogy, apex on right. 


Fig. 223J-2. Tricuspid atresia having an appear- 


ance identical with tetralogy, apex on left. Fig. 223 J-4. So-called characteristic appearance 


of tricuspid atresia. 
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Cardiac Catherization. The catheter passes direct- 
ly from the right atrium through the atrial septal de- 
fect or patent foramen into the left atrium. The 
catheter practically never enters the small, underde- 
veloped right ventricle. 


Angiorardiography: A large right atrium is initial- 
ly opacified. The left atrium then is opacified via the 
flow through the atrial septal defect or patent foramen, 
followed by visualization of the left ventricle and 
aorta. Filling of the right ventricle does not occur 
early. A triangular shaped clear area corresponding 
to the rudimentary right ventricle is seen on P-A 
view just above the diaphragm (Abrams). Flow to the 
lungs is deficient. The small right ventricle and the 
pulmonary artery fill from the left ventricle. Selec- 
tive angiocardiography with the contrast material in- 
jected into the left ventricle is advised by Kjellberg, 
to show details of the pulmonary artery stenosis. 


Diagnostic Criteria and Surgical B pac icance. A 
unique feature of tricuspid atresia differentiating it 
from Tetralogy and other similar lesions is left axis 
deviation on EKG, due to the left ventricular hyper- 
trophy. With diminished pulmonary blood flow, bene- 
fit may be obtained in some cases by creation of a 
systemic-pulmonary artery shunt. A limiting factor 


in the success of creation of a shunt is inadequacy of 
blood flow to the left heart. Angiocardiography by 
showing a small defect between the atria, or by re- 
vealing slow emptying of the right atrium is of value 
in rejecting those cases which would not be helped by 
surgery. Others feel that tricuspid atresia is largely 
an inoperable lesion, and thus it’s importance would 
be in differentiating it from Tetralogy and other le- 
sions considered operable. 


3. TRANSPOSITION OF GREAT VESSELS. Fig. 
223K. (Also TRANSPOSITION ASSOCIATED WITH 
PULMONARY STENOSIS), consists of: 


a) Reversal of position of the great vessels 
1) Aorta arises from right ventricle 
2) Pulmonary artery arises from left ventri- 

cle. 

b) Necessary for life, there must be communi- 
cations between the lesser and greater cir- 
culations, by: 

1) Interventricular septal defect, or 

2) Patent foramen ovale, or atrial septal de- 
fect, or 

3) Patent ductus arteriosus, or 

4) Combinations of the above. 


TRANSPOSITION OF GREAT VESSELS 
WITH HIGH INTERVENTRICULAR SEPTAL DEFECT 





R.A>RV.>A>BODY > V.C. 


PRESSURE 


HIGHER 
INTEVENTRICULAR SEPTAL DEFECT PON RIGHT 


L.A>L.V.>P.A.>LUNGS >P.V. / SIDE THAN LEFT 


R.A.>R.V.>A->BODY —V.C. 


INTERVENTRICULAR SEPTAL DEFECT 
L.A.>LV.>P.A.—>LUNGS-P. V. 


THEN: 


Fig. 223K-1. Diagrams of Circulation. 
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FORAMEN OVALE INTERMITTENTLY OPENS 


AND CLOSES DEPENDING ON THE RELATIVE 
PRESSURES IN THE RIGHT AND LEFT ATRIA 


WITH PATENT DUCTUS AND PATENT FORAMEN 
OVALE 


Fig. 223 K-2. Diagram of Circulation. 


In this common cyanostic condition, the great ves- 
sels are completely reversed (K-1 and 2); the aorta 
comes off of the right ventricle, the pulmonary artery 
arises from the left ventricle. The venous blood re- 
turning to the right auricle passes into the right ven- 
tricle and is then pumped out unaerated again into the 
systemic circulation. The pulmonary circulation con- 
' tinues to pump aerated blood around and around 
through the lung. The only aeration which can be ac- 
complished is through a patent foramen ovale and 


Anterior View 


persistent ductus arteriosus or any septal defect. 
Cyanosis, present from birth, is profound. 


Roentgenological Manifestations, (K-3). The typi- 
cal eat findings are a narrow shadow of 
the great vessels in the P-A view, and a large globu- 
lar heart. When the patient is turned into the left an- 
terior oblique position, there is a widening of the 
great vessel shadow, (K-4). The usual convex contour 
of the pulmonary artery is absent. Both ventricles 
are increased in size, contributing to the large glo- 
bular heart. In contrast to most cyanotic lesions, the 
pulmonary vascular markings are prominent and 


hilar pulsations may be seen. When pulmonary sten- 
osis co-exists, however, the vascular [ung markings 

are inconspicuous and differentiation from other con- 
ditions may be more difficult. 


A RO RENT. The most reliable sign of 
transposition of the great vessels is a densely opaci- 
fied normal sized aorta filling early from the right 
ventricle. The more complete the transposition the 
farther anterior is the origin of the aorta, as best 
seen on lateral view. The pulmonary artery is not 
opacified from the right ventricle, yet the lungs are 
plethoric. The associated septal defects or the patent 
ductus may be visualized. 


Cardiac catheterization is not of great value. The 
catheter may pass from the right ventricle into the 
aorta. The right ventricular pressure is high. 


oe Criteria and Surge Soe, 
This is the most common cyanotic lesion with vascu- 
lar lung fields. The heart is enlarged, but the con- 
tours of the great vessels are narrow as seen on P-A 


view. Survival is short. Surgical procedures have 
not been very promising. 


4. PURE PULMONIC STENOSIS. (Fig. 223 L-1, 2, 
3 & 4). Although pulmonic stenosis occurs often in 
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Left Anterior Oblique View 


Fig. 223 K-3. Transposition of great vessels. Large globular heart. Narrow contour of great vessels, 


widening on left anterior oblique view. 


332 


PURE PULMONARY STENOSIS 






ii 
HAW | t 
LUNGS 
et R.V. L.V. 
IW 
POST-STENOT EK 
OILI TATION PA. A 


Fig. 223 L-l. Circulation Diagram. 


association with other congenital defects (which are 
discussed in other sections of the text) it also occurs 
in a so-called pure state. By this is meant pulmonic 
stenosis in the presence of a normal aortic root, not 
with overriding aorta. The pulmonic stenosis is val- 
vular or infundibular in type, usually valvular. In- 
fundibular stenosis may be circumscribed with the 
formation of a chamber, known as the third ventri- 
cle, or the entire length of the infundibulum may be 
narrowed and constricted. The right ventricle be- 
comes hypertrophied in an effort to maintain cardiac 
output through the stenotic area. Secondarily the 
right atrium becomes enlarged and hypertrophied. 
When an atrial septal defect or patent foramen 
ovale is present, a right to left shunt at the atrial 
level results in cyanosis. If neither an atrial or ven- 
tricular septal defect is present, and the stenosis is 


PULMONARY STENOSIS WITH PATENT FORAMEN 
OVALE OR AURICULAR SEPTAL DEFECT 
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Fig. 223 L-2. Diagram of Circulation. 
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Fig. 223 L=-3. Cardiac contour of valvular pul- 
monic stenosis. 


severe, cyanosis of the peripheral type can be ob- 
served. 

Symptoms and signs depend on the degree of 
stenosis. With minimal or mild stenosis, there may 
be little indication of abnormality clinically or radio- 
graphically. With severe obstruction, disability is 
present--dyspnea, limitation of activity, and cyanosis. 
A chest deformity from the right ventricular hyper- 
trophy is frequent. EKG of course is indicative of 
the right heart hypertrophy. 


figentgen Manifestations. The overall heart size 
size e right ventricle and atrium depend 
upon the degree of stenosis, varying from normal to 
greatly enlarged. The main trunk of the pulmonary 
artery is quite dilated and forms a convexity on the 
left border of the cardiac contour. The peripheral 
pulmonary vessels are narrow, and the lung fields 
appear abnormally clear. The size of the main pul- 
monary artery is due to post-stenotic dilatation. 
The main pulmonary trunk has increased pulsations 
in valvular stenosis, but this is uncommon in the in- 
fundibular type which less often shows the post- 
stenotic dilatation too. 


Cardiac catheterization establishes the pressure 
relationships diagnostic of pulmonic stenosis, the 
high pressure in the right ventricle changing to low 








Fig. 223 L-4. Angiocardiographic appearance of 
outflow tract in valvular pulmonic stenosis. a. Right 
ventricle. b. Stenotic pulmonary valve. c. Post- 
stenotic dilatation of pulmonary artery. 
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pressure in the pulmonary artery as the catheter is 
advanced. The transition is abrupt when the stenosis 
is valvular, more gradual in the infundibular cases. 
Exclusion of left to right shunts is important in dif- 
ferentiating this condition from other heart lesions. 
An accompanying atrial septal defect is ascertained 
by passage of the catheter from right to left atrium. 


So ee shows the enlarged and slowly 
emp r atrium and right ventricle. Thetype 
of stenosis is delineated best in lateral view with very 
rapid exposures, and by injecting the contrast solution 
selectively into the right ventricle (Kjellberg). The 
post-stenotic dilatation and narrow peripheral pul- 
monary vessels are also demonstrated. No opacifica- 
tion of the aorta is present from the right ventricle. 
An atrial septal defect is indicated by initial passage 
of contrast material from right to left atrium. 


Surgical Considerations. Differentiation of pul- 
monic stenosis with normal aortic root from stenosis 
with ventricular septal defect and dextroposed aorta 
is important in determining the correct surgical pro- 
cedure to be performed. A Blalock or Potts-Smith 
procedure is appropriate in pulmonary stenosis with 
overriding aorta and ventricular septal defect or with 
associated tricuspid atresia, but when performed on 
pure pulmonic stenosis, it increases the strain on the 
right heart by elevating left atrial pressure and tend- 
ing to close the valve of the foramen ovale. Knowl- 
edge of the anatomical details of the pulmonic area 
are important to the surgeon for his planning of the 
proper direct procedure on the stenosis, valvulotomy 
or infundibular resection. 


ostic Criteria: Prominence of the main pul- 
monary trunk: Clear peripheral lung fields; right ven- 
tricular and atrial enlargement. The diagnosis of 
pulmonic stenosis is made by catheterization. Angio- 
cardiography demonstrates the anatomical details of 


the stenotic area. 


9. Ebsteins anomaly is another lesion productive 
of dyspnea and cyanosis. It consists of downward dis- 
placement of the tricuspid valve. It is a rare anom- 
aly, but has a typical appearance (Fig. 223 L-5). The 


Fig. 223 L-5. Ebsteins disease with huge 
dilated right atrium. 
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right atrium is greatly dilated and thin-walled. With 
the proximal portion of the right ventricle it forms a 
huge chamber which has weak pulsations, and empties 
poorly. The right ventricle receives a reduced blood 
flow, and consequently pulmonary flow is decreased. 
A right to left shunt may occur through a foramen 
ovale or atrial septal defect. The heart is enlarged 
and globular with an appearance resembling peri- 
cardial effusion. The pulmonary segment is concave 
and pulsations in the pulmonary artery are absent 
due to the low pulmonary blood flow. The lung fields 
are abnormally clear. 


Rosntgenography: The heart is very much en- 
larged, globular, and with an elevated apex. The 
right border on P-A view is convex in a smooth, long 
curve. On LAO view, a bulging anteriorly is the right 
auricle. The pulmonary artery segment is concave. 
The lung fields are abnormally clear, and pulsations 
in the pulmonary artery are not detectable due to the 
low blood flow. 


Cardiac Catheterization: The catheter will indi- 
cate the large size of the right atrium from coiling 
in the huge chamber. Passage of the catheter from 
the right to the left atrium proves the septal defect. 
Pulmonary stenosis a common cause of low pulmon- 
ary blood flow, is not present. 


ang oc ar ogzaphy although not needed for diag- 
nosis reveals the enormous size and slow emptying 
of the right atrium. Some radiopaque material may 
be seen to go through the auricular septal defect. A 
small right ventricle may be detected, while pulmon- 
ary artery opacification is slow and faint. 


Surgical Significance: The lesion is not considered 
operable. 


6. TRUNCUS ARTERIOSUS (Fig. 223 M) consists 
of 
a) A single large vessel functioning as both 
aorta and pulmonary artery 
b) Overriding of a ventricular septal defect by 
this large trunk 
c) Enlargement of both ventricles 


TRUNCUS ARTERIOSUS features a single great 
vessel combining the function of both aorta and pul- 
monary artery, receiving blood from both ventricles 
and carrying it to both systemic and pulmonary cir- 
culations. The associated incidence of a three cham- 
bered or two chambered heart is high. The single 
vessel overrides the ventricular septum. A ventricu- 
lar septal defect is an integral accompanyment so 


that both ventricles may empty into the one large 


trunk. 


TRUE TRUNCUS ARTERIOSUS. When circulation 
to the lungs is via pulmonary arteries which arise 
from the main vessel, the condition is known as TRUE 
TRUNCUS. Circulation to the lungs is usually ade- 
quate, and cyanosis is minimal. 
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TRUNCUS ARTERIOSUS 





R.A—R.V. 
> INTERVENTRICULAR — TRUNCUS ARTERIOSUS 


L.AL.V. SEPTAL DEFECT 
BRANCHES OF P.A. 


LUNGS 


Fig. 223M-1. Diagram of Circulation. 


PSEUDO-TRUNCUS ARTERIOSUS. When a pul- 
monary artery is present and proceeds to the lungs 
but does not connect with the heart and the large ves- 
sel, the condition is known as PSEUDO-TRUNCUS. 
The atretic pulmonary artery can carry no blood to 
the lungs, so pulmonary circulation is maintained by 
bronchial arteries. Such circulation is inadequate, 
resulting in intense cyanosis. 





P.-A. 


PSEUDO TRUNCUS ARTERIOSUS 


BRONCHIAL 
ARTERIES 





WITH THE BRONCHIAL ARTERIES AS ONLY SOURCE OF 
BLOOD SUPPLYING LUNGS CYANOSIS EVEN MORE MARKED 


Fig. 223M-2. Diagram of Circulation. 


Roentgenological Manifestations: In both true and 
pseudo-truncus, the heart in infancy is enlarged to 
the right and left, especially from right ventricular 
enlargement. The single large vessel is prominent, 
usually found on the left, and conspicuously indents 
the barium-filled esophagus. In the Left Anterior 
Oblique position, Taussig describes the greatly en- 
larged right ventricle as making an abrupt angle with 
the aorta, and extending horizontally outward to the 
anterior chest wall. In the older child, the heart as- 
sumes a more vertical position, and the appearance 
is more like the boot-shaped heart of Tetralogy of 
Fallot, but tends to a greater enlargement. The pul- 
monary segment and pulmonary window are clear. 





LA-OBL. 


TRUNCUS ARTERIOSUS WITH CIRCULATION TO LUNGS BY 
BRONCHIAL ARTERIES. INFANT. (AFTER TAUSSIG) 


Figs. 223 M-3 and M-4. X-ray Drawing. 
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When pulmonary arteries arise from the main trunk, 
the lung fields are vascular. With pseudo-truncus, 
the lung fields are avascular. 


Ang tocar Pograpey: The single large vessel, 

much larger than the normal aorta, is filled early 
from the right ventricle. The pulmonary arteries, 
when visualized, fill from the truncus, not the right 
ventricle. Ventricular septal defects are sometimes 


demonstrated. 


Cardiac Catheterization: The entering of a pul- 
monary artery from the large aorta-like trunk is 
diagnostic. The recording of equal pressures in 
right ventricle and aorta is not unique to truncus. 


aa Se cance: When blood flow to the 
lungs is already plentiful, no benefit is gained by the 
creation of a systemic-pulmonary shunt. If blood 
flow to the lungs is sparse, and if a sizable pulmon- 
ary artery can be demonstrated, a shunt might be 


attempted. 


7. EISENMENGER COMPLEX (Fig. 223 N) con- 
sists of three lesions like those found in Tetralogy 
of Fallot, 1) high ventricular septal defect, 

2) overriding, dextroposed aorta, and 3) Right ven- 
tricular hypertrophy. It differs from Tetralogy in 
the lack of pulmonic stenosis and has a normal or 

dilated pulmonary artery with vascular lung fields. 

The complex is a rare entity. Cyanosis is some- 
times minimal, or does not become severe until 
later in life. The development of pulmonary vascu- 
lar sclerosis and pulmonary hypertension increases 
the right to left shunt. The EKG shows right axis 
deviation. 


EISENMENGER’S SYNDROME 





R.APRV>PA> LUNGS>PV.>L.APL.V-A>BODY > 
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& 
INTERVENTRICULAR SEPTAL DEFECT 


Fig. 223N-1. Diagram of Circulation. 
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Fig. 223N-2. Outline of Cardiac Silhouette. 


Foca genological Manifestations: The heart is 
moderately enlarged, but may be normal. The en- 
largement is right ventricular. The pulmonary artery 
segment is prominent. The central pulmonary ar- 
teries are large and pulsative. The lung fields are 


normal or excessively vascular, until pulmonary 


| sclerotic changes supervene. Then an abrupt cut-off 


I 
t 


pattern in the vessel appearance is seen, with large 
central vessels and very narrow peripheral vessels. 


Catheterization is most useful in diagnosing the 
absence of pulmonic stenosis, and differentiating 


Eisenmengers from similar cyanotic lesions, with 
pulmonary stenosis. The catheter may enter the 
left ventricle or the aorta. 


Angiocardiography will show simultaneous opaci- 
fication of the overriding aorta and the pulmonary 
arteries, which are large. Pulmonary stenosis is 
absent. 


Surgical Aspects. Eisenmengers is essentially 
an inoperable lesion, and its importance is its con- 
fusion with lesions having pulmonary stenosis which 
are subject to surgical attack. 


8. ATRIAL SEPTAL DEFECT * (Fig. 233 O-1 and 
O-2) is a common abnormality either as an isolated 
lesion or occurring with other defects. Considering 
the isolated lesion, a left to right shunt of blood is 
present through the defect since the pressure in the 
left atrium is higher than the right. The clinical 
findings and x-ray appearances depend upon the size 
of the defect. With the flow of blood from the left 
atrium to the right, there results an increased work 
load on the right heart chambers. The pulmonary 
blood flow may be increased greatly, and this is re- 
flected by the large size of the pulmonary arteries. 
Symptoms vary from none for small defects to 
dyspnea and growth retardation with the larger le- 
sions. EKG indicates the right ventricular hyper- 
trophy. 

When an atrial septal defect is combined with 
mitral stenosis, the resulting condition is known as 
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Fig. 2230-1. Outline of Cardiac Silhouette. 


tne Lutembacher syndrome. Mitral stenosis dams 
back the blood, putting extra strain on the right heart 
from the increased blood flow through the septal de- 
fect. The enormous enlargement of the pulmonary 
artery is characteristic. 

If obstruction to pulmonary blood flow exists, the 
flow through the defect is from right to left, and 
cyanosis is then present. (See other sections.) 


Roentgen Manifestations: 1) marked enlargement 
of right atrium and right ventricle. 2) pulmonary 
artery enlargement with increased pulsations-hilar 
dance. 3) vascular lung fields and 4) inconspicuous 


AURICULAR SEPTAL DEFECT 


aortic knob. The roentgen picture is not pathognom- 
onic since, other left to right shunts have many ap- 
pearances in common with atrial septal defect. 
These are ventricular septal defect, patent ductus 
arteriosus, anomalous drainage of the pulmonary 
veins, and Eisenmengers complex. 


Cardiac Catheterization. Detection of arterialized 
blood in the right atrium is diagnostic for a left to 
right shunt at the atrial level. (Actually it is easy 
to confuse atrial septal defect with anomalous pul- 
monary veins entering the right atrium on cathe- 
terization alone.) The defect is sometimes 
demonstrated by direct passage of the catheter into 
the left atrium. 


Angiocardiography shows the enlarged right 
atrium and ventricle and the large pulmonary arter- 
ies, while the left sided structures are of normal 
size. The atrial defect itself is seldom visualized by 
intravenous angiocardiography, since the shunt of 
blood is from left to right, except in children where 
the temporary increase in pressure on the right side 
from the rapid injection of contrast medium may re- 
verse the flow. It is difficult to detect the defect by 
re-opacification of the right atrium when the left 
atrium is opacified. Kjellberg advises selective an- 
giocardiographic technic, namely placement of the 
catheter in the left atrium and then injecting the con- 
trast medium. In this way, the size and position of 
the defect are better visualized than by other means. 
This is important to the surgeon who must plan his 
closure accordingly. 


9. VENTRICULAR SEPTAL DEFECTS, (Fig. 
223 P), are of two types, a) of small size, usually at 
the base of the septum, and b) larger size, at the 





PRESSURE HIGHER L.A. THAN R.A 


BLOOD FLOW: 
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THROUGH AUAICULAR SEPTAL DEFECT 


Fig. 2230-2. Circulation Diagram. 


SMALL DEFECT (USUAL) 
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Fig. 223P-1. Circulation Diagram. 
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base of the aorta in the membranous portion of the 
septum. Those of small size (Maladie de Roger) are 
seldom associated with important symptoms or with 
unusual x-ray findings. (Fig. 223 P-2). Only a small 
volume of blood is shunted from the left to right 
hearts. The cardiac size and shape are normal, and 
the lung vascularity is not remarkable. 


HIGH VENTRICULAR SEPTAL DEFECT: AT BASE OF AORTA IN 
THE MEMBRANOUS PORTION OF THE SEPTUM 





LARGE DEFECT (UNUSUAL) 
R.A>RV>P.A->LUNGS>P.V> a cat 


LARGE INTERVENTRICULAR 
SEPTAL DEFECT 


Fig. 223 P-2. Circulation Diagram. 


When a high ventricular septal defect is present, 
the aortic septum fails to meet the ventricular sep- 
tum developmentally. The shunt of blood from the 
left heart to the right side may be of very large vol- 
ume. The pulmonary artery then becomes greatly 
dilated, and the pulsations large. Both ventricles 
hypertrophy (Taussig). 


Roentgenological Considerations: Small septal 
defects rarely show any roentgenological evidence. 
In larger defects, the fluoroscopic and roentgeno- 
graphic findings closely resemble those described 
for atrial septal defects, that is, large pulmonary 
arteries with vigorous pulsations, pronounced vascu- 
larity of the lungs, and right ventricular enlargement. 
The left ventricle however is often enlarged too, 
while the right atrium is not. (Fig. 223P-3). 


Cardiac catheterization is the best means for di- 
agnosing interventricular septal defects on the basis 
of an elevated oxygen content in the right ventricle. 
Passage of the catheter through the defect is quite 
definite evidence. 
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Fig. 223 P-3. Outline of Cardiac Silhouette. 


Angiocardiography is usually not needed for di- 
agnosis. When craioc edie ake is performed the 
contrast material does not flow from right to left 
ventricle against the actual blood flow, but from left 
to right. Reopacification of the right ventricle from 
the left ventricle then, when it can be visualized, is 
diagnostic. Often the appearances are not conclu- 
sive. 


10. OTHER TYPES OF CONGENITAL HEART 
DISEASE. Roentgenological examination plays a 
relatively minor role in the diagnosis of other types 
of congenital heart disease. AORTIC and SUB- 
AORTIC STENOSIS produce left ventricular hyper- 
trophy, and an ascending aorta which shows dilata- 
tion and increased pulsations. 


PRIMARY PULMONARY HYPERTENSION is not a 
cardiac lesion, but the primary defect in the lung vas- 
culature results in cardiac changes which may be 
confused with other heart lesions. This condition is 
rare, Its importance is its resemblance to other 
forms of pulmonary hypertension, occurring second- 
arily to congenital cardiac lesions, such as PDA and 
VSD which are amenable to surgery. Radiologically, 
an enlarged right ventricle and a dilated, pulsatile 
main pulmonary artery are seen, The peripheral lung 
vessels are narrowed. The radiologists diagnosis is 
made on the basis of exclusion of other heart lesions 
which are capable of producing pulmonary hyperten- 
sion, Complete accuracy in the making of this di- 
agnosis, requires catheterization to exclude a left to 
right shunt, or the pressure relationships of pul- 
monic stenosis. Angiocardiography offers aid in ex- 
clusion of a shunt. 


ANEURYSM OF SINUS OF VALSAVA, Aneur- 
ysm of the left Sinus of Valsalva extends through the 
ventricular septum, finally rupturing into the right 
ventricle producing a left to right shunt. 
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A cursory survey of the vast amount of clinical, 
radiological and laboratory data which is involved in 
the diagnosis of congenital heart disease is convinc- 
ing evidence of the need for some means of correla- 
tion of the data if any consistency in diagnosis is to 
be accomplished. 

More detailed analysis of certain elements in the 
roentgenological findings as outlined in Bing’s tables 
may further assist in determining the ultimate diag- 
nosis: vascularity of the 1 fields, indicating the 
degree and character of pulmonary engorgement, may 
be a valuable aid in the primary division of cardiac 
anomalies into various groups; the shape and size of 
the cardiac shadow due to various chamber enlarge- 
ments and the character of the pulmonic curve indi- 
cating the size of the pulmonary artery may be valu- 
able in the final analysis. 

In order to carry out this step-wise method of 
roentgen diagnosis, the roentgenogram must be ex- 
amined for the presence of the various elements uti- 
lized for analysis in the tables; they must be evaluated 
and actually noted upon separate pieces of paper for 
each category examined. Further correlation of 
roentgen findings as shown in the various tables should 
then be made as an aid in establishing the ultimate 
diagnosis. This compilation of the same data in dif- 
ferent groups for more ready comparison and analysis 
will naturally result in considerable repetition, but 
that is unavoidable. 

Other special methods of examination such as elec- 
trocardiographic findings, angiocardiography and car- 
diac catheterization may have to be resorted to at 
times in an effort to make a final diagnosis. 

Correlation of cardiac conditions with the degree 
of vascularity of the lung fields will indicate at once 
that they fall into several more or less distinct cate- 
gories. It will be noted that, as a rule, clear lung 
fields (indicating a reduction in blood supply) usually 
go with a concave, (depleted) pulmonary artery seg- 
ment and a relatively small heart, where as, vascu- 
lar lung fields are usually associated with a convex 
pulmonary artery segment and an enlarged heart. 
This serves at once to partially divide the conditions 
under consideration. Of the convex pulmonary seg- 
ment-vascular lung group, only one (complete trans- 
position of the great vessels) is cyanotic; of the con- 
cave pulmonary segment-clear lung group, all are 
cyanotic. 

It will be noted that in only three conditions, Eb- 
stein’s Disease, Pulmonary Stenosis with auricular 
septal defect, and Pure pulmonary stenosis, there 
are clear lung fields associated with a convex (dilated) 
pulmonary artery segment; this is explained by post- 
stenotic dilatation of the pulmonary artery not by in- 
creased blood flow. Of these only one, (pure pulmo- 
nary stenosis), is non-cyanotic. 

Vascularity of the lung fields and concavity (de- 
pletion) of the pulmonary segment is present in two 
conditions ,— Eisenmenger’s and Truncus Arteriosus, 
— in neither case is it associated with any undue 
cardiac enlargement; in both instances the heart ap- 
pears boot-shaped and both show cyanosis. 


Convexity of the eee artery segment is 
usually associa cardiac enlargement. En- 
largement of the pulmonary artery likewise is usu- 
ally accompanied by increase in lung vascularity 
with the following exceptions: 

Ebstein’s Disease 

Pulmonary Stenosis 

with auricular septal defect 
Pure Pulmonary Stenosis 


In these conditions, although the pulmonary artery is 
large (convex), the lung fields appear clear (avascu- 
lar). This is due to post-stenotic dilatation of the 
pulmonary artery—“the Venturi principle, which 
states that if a stream bed gradually widens after a 
constriction the lateral pressure in the distal, wider 
tube is higher than in the constricted portion ” (Wig- 
gers). Of these Ebstein’s disease and Pulmonary 
Stenosis with auricular septal defect or patent fora- 
men ovale are cyanotic; pure pulmonary stenosis is 
noncyanotic. In Ebstein’s disease cyanosis is de- 
layed and symptoms may be mild; it is rarely diag- 
nosed during life. Angiocardiographic studies may 


be necessary to demonstrate the enormous size of 
the right auricle and its slow emptying. 

All of the remaining conditions show convex pul- 
monary artery segments and vascularity of the lung 
fields. Of these Eisenmenger’s complex is the only 
one associated with cyanosis. 


Auricular septal defect with normal sized pulmo- 
nary artery and small aorta can best be confirmed by 
angiocardiographic methods showing simultaneous 
filling of both auricles; and by cardiac catheteriza- 
tion. When Lutembacher’s is present the enormous 
dilatation of the pulmonary artery segment with the 
general configuration of the heart is sufficient for a 
diagnosis. 


Large Ventricular septal defects may cause an ex- 
treme vascularity of the pulmonary artery and lung 
structures. Cardiac catheterization is the best meth- 
od for detection of this anomaly. 


Patent ductus arteriosus is best demonstrated if 
physical signs are not conclusive by retrograde an- 
giocardiographic injection of contrast medium into 
the cartoid. Immediate appearance in the pulmonary 
artery or lung circulation is indication of a patent 
ductus; the ductus itself is rarely visualized. 


Boot-Shaped Heart: 

This is a form of cardiac outline commonly en- 
countered; it may or may not be accompanied by en- 
largement. It is most frequently associated with the 
Tetralogy of Fallot but occurs in several other con- 
ditions. It is due primarily to a combination of right 
ventricular enlargement from pulmonary stenosis and 
concave pulmonary artery segment. 

This combination results in an indenture (con- 
cavity) at the site of the pulmonary artery segment 
with an elevation of the apex; there may be little if 
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TABLE I 
VASCULARITY OF LUNG FIELDS 


DIAGNOSIS | HEART SIZE [PUL. ARTERY | LUNG PUL- 
SEGMENT FIELD inet os 
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fon of pulmonary stenosis. Cath 
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tricle into aorta 
Pseudo- Right.ventricle enlarged; may /Right 
Truncus show single trunk 
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Catheter may pass from right 

into left auricle 













Early opacity left auricle; ven- 
tricle and aorta showing right to 
left auricle shunt. Catheteriza- 
tion establishes relationships di 
agnostic of pulmonary stenosis; 
excludes left to right shunt 











Useful only to exclude septal de- |Right 




































monic fects and overriding aorta. In- 
Stenosis post stenotic creased right voutricular pres- 
sure with low or normal pulmon- 
ary artery pressure 
Eisenmen- 2 Angiocardiogram: Simultaneous | ---- 
ger’s slightly en- visualization of overriding aorta 
larged. Ap- and pulmonary arteries which 
pearance re- are enlarged both centrally and 
sembles boot- peripherally. Absence of pulmon 
ary stenosis based on pressure 
relationships 
Truncus Ar- Right ventricle enlarged; may ---- 
teriosus show single trunk. Oxygen sat. 







of value in diagnosis 








Lateral view; aorta arises right |Right 
ventricle anteriorly in PA view: 
aorta forms left cardiac bor- 

der 












Right heart enlargement. Pul- 
monary artery enlarged. Left to 
right shunt determined by O2 
concentration in right auricle. 
Catheter may go thru auricular 
defect 


Right 









Usually not useful or indicated. /Left or 
Catheterization best diagnostic [Right 

means for ventricular septal 
defect 








Angiocardiographyfordemon- |Normal 


Unusually onvex Vascular His 
enlarged 
stration of connection between jor Left 


Patent Duc- | Enlarged onvex Vascular #§ 

tus Arteri- 

osus aorta and pulmonary circulation 
Aortic Sep- |Enlarged onvex Vascular Gs Not useful. Findings indistin- {Normal 
tal Defect guishable from patent ductus or Left 


Vascular Haz Usauity not Gectesery. Anom- /Right 
alous vessels sometimes de- 
monstrable. Catmeterization: 





Entrance of arterialized blood 
into right auricle or vena cava 
catheter may be passed into right 
auricle 





* Boxes indicate distinctive diagnostic characteristics of each condition. 

** An essential part of the cardiac catheterization technic is analysis of peripheral arterial blood by 
femoral puncture. Minor degrees of oxygen unsaturation not sufficient to give visible cyanosis 
may be thus detected. For further details on the findings in cardiac catheterization, see section 
following the tables. 
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TABLE IV 
PULMONARY ARTERY SEGMENT 


CONVEX SEGMENT — LARGE HEART* 













DIAGNOSIS |HEART SIZE | PUL. ARTERY | LUNG PUL- 
AND SHAPE | SEGMENT FIELD MONIC 


ANGIOCARDIOGRAPHY- 
CATHETERIZATION 


EKG PRE- 
PONDER- 
ANCE 






Ebstein’s Enlarged 
Disease 


Very large, slowly emptying 
oo auricle. Patent foramen 

\ = 9 Bundle ' 
Ca eter may pass from right 4 Branch ‘ 





Eisenmen- jEnlarged 
ger’s (with j(whenpulmo- 
large pul- gnaryartery is 
monary ar- gof normal size 


YO 
5 heart 
may be 
twhen  “Fboot-s ‘ 
g {eke oot -ape 


‘ t nal cyanosis 
g May be de- se onaae 


er oases 


Convex 

When pulmo- 
nary artery is o 
normal size, 
pulmonary ar- 
tery segment 
may be con- 
cave 






ascular | Hazy Angiocardiogram: Simultaneous | Right 
visualization of overriding aorts 
and pulmonary arteries which 


are + Be Poa as 
on necessary © 
tor cinaeeik a 























Convex - 












Early opacity left auricle, ven- 
tricleand aorta showing right to 
leftauricular shunt. Catheter- 
ization: Pressure changes in 
right ventricle and pulmonary 
artery indicative of stenosis. 
Excludes left to right shunt by O9 
determination 


Right 


Convex Vascular Angiocardiography shows simul- 
taneous filling both auricles in- 
dicating defect; actual defect sel- 
dom seen. Left to right shunt 
determined by Og concentration 
in right auricle. Catheter may 


pass from right to left auricle. 


Hazy Usually not necessary; pulmo- | Right 
nary artery enormous. 
Hazy 


Right 








Lutembach- |Enlarged 
' cyanosis 
g May occur ae eae es ee We @ @ w= =e 
tater) 


Large Ven- /|Unusually 
tricular Sep- /Enlarged 








Cardiac c catheterization is the 
best method of detection 











Convex (may be| Vascular 
much enlarged) 


tal Defects 
Retrograde cardioangiographic g Normal o 
injection into the carotidartery § Left 
causes immediate appearance in? ° 7 "™" 
the pulmonary artery. The duc- 
tus itself is rarely visualized. 


Patent Duc- |Enlarged Convex Vascular 

tus Arteri- 

osus 

— - 






NON-CYANOTIC 


Convex, Promi-| Clear Useful only to exclude septal de- 
nent due to post fects and overri aorta. In- 
creased right ventricle pressure 





stenotic dilata- 
tion 


with low or normal pulmonary 
artery pressure 





* Boxes indicate distinctive diagnostic characteristics of each condition. 
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any recognizable enlargement of the heart, or mod- 
erate dilatation may be present. Rarely, if ever, is 
this a prominent feature. 


Boot-Shaped Heart 


Under proper circumstances, all may show a 
boot-shaped appearance of the heart. 

It will be noted that all show concavity of the pul- 
monary segment (pulmonary stenosis) and all but 
two show the lung fields clear; in Truncus Arteriosus 


and Eisenmenger’s only are the lung fields vascu- 
lar—this serves to differentiate these two conditions 
from the rest. Further differentiation may be effect- 
ed by the fact that Truncus Arteriosus patients al- 
ways show cyanosis whereas in Eisenmenger’s cy- 
anosis may or may not be present. In Pseudo-Trun- 
cus the lung fields may be essentially clear but the 
posterior mediastinal veins may be tortuous and en- 
gorged. For definite differentiation angiocardiog- 
raphy may be of value. 

Consideration of the conditions in which the lung 
fields are clear: 


TABLE V 


BOOT-SHAPED HEART — DUE TO CONCAVE PULMONARY SEGMENT 
WITH ELEVATION OF APEX AND OTHER DISTINGUISHING FEATURES* 












































DIAGNOSIS | HEART SIZE | PUL. ARTERY| LUNG PUL- ANGIOCARDIOGRA PHY- EKG PRE- 
| FIELD MONIC CATHETERIZATION PONDER- 
WINDOW ANCE 
Tendsto be {Concave Clear Clear Simultaneous filling of the pul- {Right 
small with el- monary artery and aorta before 
evation of ape vascularization of the lungs. 
Most truly Catheter may pass into aorta 
boot- shaped; from right ventricle. Pressure 
Right ventri- changes indicative of pulmo- 
cle enlarged nary stenosis 
Pseudo Both ventri- |Concave Right ventricle enlarged; may | Right 
Truncus cles slightly show single trunk 
enlarged; 
Boot-Shaped 














Tricuspid 
Atresia 


May be boot- 
shaped or 
have typical 
concave right 
Slightly en- 
larged; 
Boot-Shaped 






Concave 
Concave 
Concave 


Concave 


CYANOTIC 

















Truncus 
Arteriosus 















Transpo- When heart is 













sition ofthe | enlarged, re- 
Great Ves- | sembles Te- 







sels with tralogy of 
Pulmonary | Fallot 
Stenosis 














Eisenmen- | Both ventri- 


> 

: fs} = ger’s with | cles slightly 
-  o/ normal enlarged. 

oO BS a sized pul. | Gives appear-. 
ms 7 7 artery ance resem- 
a 


bling Boot- 
Shaped Heart 


god 
Clear 
larged; right ventricle not vis- 
ualized. Right to left auricle shunt. 
Ditficulty passing catheter into 
right ventricle 





Left ventricle enormously en- 












Right ventricle enlarged, may 
show single trunk, an ap Gp a= = 
Oxygen content of blood taken 
from common ventricle will be 
identical with that from femoral 
arte 


Right — 

















Angiocardiography may show 
pulmonary artery extremely 
small 


Right 






Angiocardiography; simultaneousNo value 
opacification of both pulmo- 

nary artery and aorta. || oo 

bxygen Saturation arterial 

blood necessary for diagnosis 


* Boxes indicate distinctive diagnostic characteristics of each condition. 
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Tetralogy of Fallot 

Pseudo Truncus 

Tricuspid Atresia 

Transposition of Great Vessels 

with pulmonary stenosis 
Tricuspid atresia may be eliminated: 

1) the typical concave right lower border of 
the heart if present caused by the hypoplastic right 
ventricle, 

2) or in any event, by the left ventricular 
preponderance shown on EKG examination; in no 
other condition is it so consistently found in infants. 


For the differentiation of: 
Tetralogy of Fallot 
Pseudo Truncus and 
Transposition of the Great Vessels, 
with pulmonary stenosis 


Haziness of the pulmonic window in transposition 
of the great vessels with pulmonary stenosis, may 
be helpful but not dependable. Angiocardiography 
may be necessary for differentiation. 


Angeocarcde raphic findings in: 

Tetralogy may be quite decisive; simultaneous filling 
of the pulmonary artery and aorta before vasculari- 
zation of the lung, in a patient showing a boot-shaped 
heart is almost certainly due to Tetralogy of Fallot. 
Pseudotruncus the right ventricular curve is enlarged; 
the pulmonary artery is small and does not con- 
nect with the heart or aorta; the lungs are supplied 
by the bronchial arteries. The single arterial trunk 
may be visualized. Transposition of the great ves- 
sels with pulmonary stenosis before extreme dilata- 
tion occurred may show distinctive angiocardio- 
graphic findings in the lateral view; anteriorly placed 
aorta with high concentration of the radiopaque agent 
concurrently with filling of right ventricle. 


Size and Shape of the Cardiac Silhouette 

gement of in al chambers of the heart 
can usually be recognized without difficulty and the 
cause detected by methods of roentgen examination 
previously described. Enlargement of more than one 
chamber, with complications such as septal defects, 
vascular atresia and other anomalies, may result in 
a picture so bizarre that it baffles all understanding 
of the underlying cause. Certain conditions, how- 
ever, result in more or less constant pictures of 
cardiac enlargement such as large globular heart, 
boot-shaped heart, etc. The picture in globular en- 
largement of the heart is one of narrowing of the 
great vessels above, with gradual smooth symmetri- 
cal enlargement of the cardiac silhouette below. 
Comparison of the conditions in which it occurs may 
be helpful in differentiation. 


Examination of the above table indicates that a 
globular type of cardiac enlargement most frequently 
results from enlargement of the right auricle and 
ventricle although it may result from bilateral en- 
largement of the ventricles, or even from enormous 
enlargement of the right auricle alone. 


The non-cyanotic character of the condition when 
associated with auricular septal defects as seen in 
auricular septal defect with normal pulmonary artery 
and small aorta, and with Ebstein’s Disease indi- 
cates inadequate right auricular pressure to establish 
a right to left shunt and serves to differentiate this 
condition from the others, all of which are associated 
with cyanosis. 

Transposition of the great vessels, either with 
associated vascular shunts or with pulmonary sten- 
osis can be differentiated by the convex pulmonary 
segment and vascular lung fields on the one hand, or 
by the concave pulmonary segment and clear, avas- 
cular lung fields on the other. Both show unusual 
narrowing of the mediastinal shadow. 

Pulmonary stenosis with auricular septal defect 
shows in addition to the cardiac enlargement, a 
convex pulmonary artery segment associated with 
clear, avascular lung fields. This is due to post 
stenotic dilatation of the pulmonary artery. 


E. Other causes of cardiomegaly in infants are 
often confused with the described congenital lesions. 
Enormous globular heart enlargement without ap- 
parent cause, occurring in infants or young children, 
can be due to abnormal, excessive glycogen storage 
in heart muscle, Von Gierke'’s Disease. Endocardial 
fibroelastosis and idiopathic myocarditis are two 
other causes of large hearts. Diagnosis is made 
mainly on clinical grounds. 


F, PERICARDIAL DEFECTS. Celomic Cysts 
(Fig. 223R). During the developmental period de- 
fects may occur in the pericardial sac. A small seg- 
ment of pericardial membrane may be completely 
pinched off giving rise to a pericardial celomic cyst 
or a small diverticulum or herniation of the peri- 
cardium may result. These usually occur on the 
right side near the cardiophrenic region andin the 
lateral view are seen to be anteriorly at the anterior 
diaphragmatic attachment. Such anomalies are us- 
ually of no pathological significance, 


Fig. 223R 
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LeRoux reports that the arguments of Littlie and 
others (1959) for the origin of these cysts that lie in 
the costophrenic angle are convincing and it seems 
justifiable to call these cysts “pericardial coelomic 
cysts.” As Drash and Hyer point out they are meso- 
thelial cysts aberrations in the development of a 
coelomic cavity, and it seems that some could repre- 


sent aberrations of pericardial development and others 
--perhaps those situated in the mediastinum, away 
from the costophrenic angles--aberrations in the de- 
velopment of a pleural sac. The common mesothelial 
origin of the cysts and of the lymphatic systems makes 
it impossible to exclude, on embryological grounds, 
development of some cysts from lymphatic structures. 


_ — . ——— aay = —_—— Ps 
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13. 
714. 
715. 


716. 
17. 


18. 
19. 


20. 
21. 
22. 


23. 


QUESTIONS ON THE CIRCULATORY SYSTEM 
Questions marked with a dagger deal with rare and less-important conditions. 


Describe briefly the topography of the heart and identify the curves produced by its various chambers 
on the cardiac silhouette. 


Describe the methods of roentgen examination of the heart and indicate their advantages. 


What is meant by teleroentgenographic examination? Orthodiography? What factors must be known 
to estimate the relationship of the cardiac silhouette with the normal? 


What is kymographic examination and how is it carried out? In what particular phase of cardiac func- 
tion is this method of particular advantage? In what condition is it of value? What are its limitations ? 


What is the most consistent indication of cardiac disease? 


How does valvular disease of the heart manifest itself in the roentgenogram? Show by drawings the 
characteristic appearance of the heart in: Mitral insufficiency and stenosis; aortic insufficiency and 
stenosis. 


What x-ray manifestations are there of cardiac decompensation? Coronary disease? 

What are x-ray manifestations of acute pericarditis? Of chronic constrictive pericarditis ? 

How would you differentiate pericardial effusion from cardiac enlargement? 

What is the significance of intracardiac calcifications and how are they detected? 

What are the common causes of aortitis and how may they be distinguished roentgenographically? 
What are the roentgen characteristics of aneurysm of the aorta? 

What is meant by coarctation of the aorta and what are its roentgen manifestations ? 

What are the roentgen manifestations of right-sided aorta? Indicate its clinical significance. 


Of what aid is roentgen examination in detection of patent ductus arteriosus and of what importance is it? 
When are angiocardiography or aortography and cardiac catheterization indicated? 


How does closure of an arterio-venous fistula affect the heart? 


List causes for engorgement and enlargement of the pulmonary artery drawing from congenital and 
acquired lesions and lung diseases. 


Outline roentgenologic investigation of a child with respiratory or swallowing difficulty. 


Differentiate in so far as possible between the various lesions causing a boot-shaped heart and avascu- 
lar lung fields. 


Can all congenital cardiac lesions be diagnosed roentgenologically ? 
When is contrast visualization of coarctation indicated? 


Which procedure provides better diagnostic information of pulmonary stenosis, cardiac catheterization 
or angiocardiography? Interauricular communication with left to right shunt? Interauricular communi - 
cation with right to left shunt? Interventricular communication with left to right shunt? Interventricu- 
lar communication with right to left shunt? 


In what percentage of all congenital cardiac lesion do you think diagnosis can be made by history, 
physical examination, EKG, conventional roentgenologic procedures, that is, without resort to angio- 
cardiography ? 
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24. What congenital lesions could rheumatic mitral disease be confused with roentgenologically? 


25. How would a radiologist distinguish between Tetralogy of Fallot and pulmonic stenosis with inter- 
auricular communication? Of what significance would this be? 
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PART III 


GASTROINTESTINAL TRACT 


The gastrointestinal tract is essentially a mus- 
cular tube having variations in thickness and calibre 
in different locations depending upon the functions it 
is called upon to perform. In its non-functioning 
state it is collapsed, presenting only a potential cav- 
ity, capable of expansion and enlargement, within 
certain normal limits to accommodate its contents. 
It traverses some of the most important regions of 
the body: the mediastinum in its course through the 
chest and the peritoneal cavity in its abdominal loca- 
tion. Being of soft-tissue structure, similar in 
density to the surrounding structures, it cannot be 
visualized in its natural state. To render it visible 


roentgenologically an opaque meal containing barium 
sulphate, 5 ozs. to a pint of buttermilk or other 
suitable medium, is used. Rugar, an extremely 
viscid opaque material, is especially valuable for 
demonstrating the mucosal relief; one-half tea- 
spoonful is sufficient for examination of the esopha- 
gus, one teaspoonful for the stomach. This material, 
filling the gastrointestinal tract, produces a sil- 
houette of the mucosal lining of the tract but does 
not disclose the thickness of the wall itself. For- 
tunately conditions of the gastrointestinal tract us- 
ually extend to involve the mucosal lining, giving 
evidence of their presence in the roentgenogram. 


THE ESOPHAGUS Chapter XVII 


I. ANATOMY 


Il, ROENTGEN EXAMINATION 


Il. PATHOLOGY 
A. Foreign Bodies 
1. Opaque 
2. Nonopaque 


B. Constriction or Obstruction 


1. Benign 
Congenital atresia 


Stricture from caustic agents 


Esophagitis 
Syphilitic stricture 


Cardiospasm—achalasia 


Esophageal reflux 
Scleroderma 
Intramural tumors 
2. Malignant 
Carcinoma 
C. Diverticulum 
1. Pulsion 
2. Traction 
D. Miscellaneous Lesions 
1. Esophageal varices 
2. Post-cricoid web 


3. Congenital anomalies 


Atresia 


Short esophagus—thoracic stomach 


Diaphragmatic hernia 


Eventration of diaphragm 


Elongation of esophagus 

Peptic ulcer—reflux esophagitis 

. Lower esophageal ring 

. Nervous interference with esophageal contraction 


On 


Bulbar palsy 


Curling or corkscrew (writhing) esophagus 


7. Injury to the esophagus 


Perforation 


Foreign body and other trauma 


Spontaneous 
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A Cricoid narrowing 
B Aortic narrowing 


C Diaphragmatic 
narrowing 


Fig. 224. The esophagus as an indicator of pathology of the great vessels and heart. 
The esophagus in its course through the mediastinum is in close relationship to other 
structures. Anomalies or other variations of the great vessels or heart leave their 
impression upon the esophagus and give valuable aid in diagnosis. The normal rela- 
tionship of the esophagus to the mediastinal structures is shown above. The three 
points of natural constriction are indicated, A, B, and C. Redrawn from Bockus, H.L., 
gastroenterology, W. B. Saunders Co. 


Chapter XVIII 


ESOPHAGUS 


ANATOMY. The esophagus is the most muscu- 
lar portion of the gastrointestinal tract; this is be- 
cause its chief function is concerned with propulsion 
of food into the stomach. 

Peristalsis throughout the gastro-intestinal 
tract, is produced by a gradient of nerve impulses 
which progresses from segment to segment of the 
muscular structure causing first a zone of relaxation 
of the muscular tone normally present, followed al- 
most at once by a deep contraction. Normally waves 
progress in the esophagus at the rate of three to 
three-and one-half in two seconds. The mechanism 
of swallowing may be studied by high speed cineradi- 
ography (30 to 60 frames per second) showing the 
movements of the epiglottis and pharynx, (Saunders, 
et al.). This mechanism is regulated by Auerbach’s 
plexus; any derangement of this nerve plexus may re- 
sult in grave dysfunction. Esophageal contractions 
may be studied by Kymography (McLaren). 

The nerve supply to the esophagus is from the 
sympathetic and vagus nerves, although the latter 
predominate. Their function is chiefly motor, with 
inhibition of the cardia. The sympathetic nerves 
exert a restraining influence but cannot be said to be 
antagonistic to the action of the vagi. The vagus 
nerves terminate in the myenteric plexuses; when 
they degenerate or their impulses are blocked, spas- 
tic contraction of the smooth muscle results. No 
actual sphincter muscle can be demonstrated at the 
cardia or elsewhere but the circular contraction of 
the smooth muscle fibers produces a function similar 
to a sphincter. 

When there is obstruction, secondary more in- 
tense waves occur in the mid-portion. Localized seg- 
mental waves of the smooth musculature have been 
described as a result of faulty nerve stimulation. 

The mucous membrane lining the esophagus is 
of squamous epithelium; it is arranged in longitudinal 
folds which does not have the structure of gastric 
rugae. 


Roentgen Examination 


Examination is made in both the upright and re- 
cumbent positions. Frequently a much better filling 
of the esophagus can be obtained in the lying position, 
utilizing thicker barium mixture, and its movements 
may be studied more leisurely. 

As the esophagus passes downward (Fig. 224) it 
lies slightly to the right in its upper portion, inclines 
to the mid-line as it descends and passes slightly to 


the left in the lower portion; it is marked by indenta- 
tions on its anterior margin from pressure of the 
aorta, left bronchus and diaphragm as it passes 
through. Esophageal-pleural stripe (or line) caused 
by reflection of upper right mediastinal pleura, 
superimposed on partially filled esophagus with 
barium and air may resemble pathology. Just before 
the esophagus passes through the diaphragm an ovoid 
dilatation is often seen between the diaphragm and a 
constriction ring in the lower esophagus; this is 
called the ampulla of the esophagus or “phrenic am- 
pulla.” Two small notches may be present due to in- 
sertion of the phreno-esophageal sheath. (De Ginder). 

A study of the lower end of the esophagus was 
made by Epstein during sustained inspiration fluoro- 
scopically with spot films. * After swallowing three 
mouthfuls of fluid barium mixture rapidly, the patient 
was instructed to take a deep breath and hold it as 
long as possible.” Observations were made of 100 
patients in the frontal and oblique erect positions and 
in the recumbent position. Ingestion of liquid barium 
followed by a sustained deep inspiration disclosed a 
transient variable dilatation of the lower esophagus. 
A fluid level may form here and active retroperistal- 
sis may appear. The dilatation is considered to be 
the phrenic ampulla. In five patients horizontal bands 
were seen in this structure. Neither excessive filling 
nor redundancy was necessary to produce the appear- 
ance. This is presumably a neuro-muscular change 
in the esophagus incident to the effects of deep inspi- 
ration rather than one related to muscular action of 
the diagragm. 


Pathology 


FOREIGN BODIES* (Figs. 225A and B). In its 
collapsed state the upper portion of the esophagus is 
flattened in its anteroposterior diameter; this causes 
flat or disclike foreign bodies, when they lodge in the 
esophagus, to assume a flat appearance in the antero- 
posterior view. Such foreign bodies, when lodged in 
the trachea, appear on end in the anteroposterior 
view, since the natural defect in the cartilaginous 
rings of the trachea in the mid-line posteriorly, is 
the only point permitting distention. The position 
which a disclike foreign body assumes in this region 
then determines its location in either esophagus or 
trachea. Instances have been reported in which disc- 
like foreign bodies, lodged in the retrocardiac portion 
of the esophagus have assumed an on-end position. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter, 
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Fig. 225A 


At this level (Fig. 224) the esophagus assumes a more 
oblique position permitting this variation in position. 

There are three major points of normal nar- 
rowing of the esophagus: 

1. At the introitus, cricoid narrowing, 

2. As it passes the aortic arch, aortic: 
narrowing, 

3. At the diaphragmatic hiatus, diaphragmatic 
narrowing. 

Foreign bodies are most apt to lodge at one of 
these points of normal constriction. If the foreign 
body is composed of metal or some other radiopaque 
material it can, of course, be readily visualized; for 
the detection of non-opaque foreign bodies, such as 
fish bones, etc., other means must be resorted to. 
Close fluoroscopic observation, with ingestion of a 
barium sulphate mixture may disclose this opaque 
material clinging to the foreign body. A tiny pledget 
of cotton soaked in barium solution when swallowed 
will often stop at the site of the foreign body. Sharp 
foreign bodies are apt to perforate the esophageal 
wall and introduce infection into the surrounding 
mediastinal space. It is this chance of periesophageal 
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Fig. 225B 


abscess which makes foreign bodies in the esophagus 
so dangerous. Roentgenographically, a small stream 
of barium extending out from the esophagus and re- 
maining after the rest of the barium meal has passed 
on into the stomach is absolute indication of perfora- 
tion of the esophageal wall. Large irregular-shaped 
foreign bodies lodged in the esophagus over a long 
period of time may cause erosion through the wall 
into the adjacent structures. Fatal hemorrhage from 
such a cause has been noted from lodgment of a plate 
of false teeth in the esophagus for over eighteen 
months. Nonopaque foreign bodies, such as a large 
piece of beefsteak, may cause almost complete occlu- 
Sion; their irregular margins may even give the im- 
pression of filling defect from carcinoma. 


GASTROESOPHAGEAL VESTIBULE. On study 
of the lower end of the esophagus Wolf, et al., have 
also concluded that the lower 2 or 3 cm. of the esopha- 
gus can contract or relax independently of the rest of 
the esophageal structures. They agree to the use of 
Lerche’s term ‘vestibule” to characterize this por- 
tion of the esophagus. The vestibule as a single dis- 
tensible unit can be observed only in the presence of 
a direct hernia since normally the distal half of the 
vestibule is located in and below the diaphragm and 
is limited in distensibility by extrinsic factors. 

Notches or a static ring may be seen at the dis- 
tal margin of the vestibule when the vestibule is her- 
niated and distended. Since these notches indicate the 
junction between the vestibule and stomach, their 
presence above the diaphragm is indicative of a hiatus 
hernia. 

Notches or a complete ring may also be seen at 
the proximal margin of the vestibule. A ring on this 
location may show independent contractile activity and 
may be equated with the inferior esophageal sphincter 
of Lerche. Except perhaps during regurgitation lo- 
calized sphincteric activity in this area is seen less 
commonly than contraction of the vestibule as a whole. 

The ‘high pressure zone,’ gastroesophageal 
sphincter, or vestibular sphincter described as a re- 
sult of pressure studies in the esophagogastric region 
corresponds to the vestibule. 

In the studies reported, there was little or no 
evidence of a discrete sphincter at the cardiac. It is 
possible however, that the notches and ring seen in 
the area result from the existence of specialized 
muscle bundles, designated in the anatomic literature 
as the ‘cardiac sphincter’ or ‘constrictor cardiae.’ 
The term ‘ sphincter” appears to be a misnomer. 

The phrenic ampulla is not a unique structure 
since it has a variable size determined by the pinch- 
cock action of the diaphragm and progress of the pri- 
mary peristaltic wave. In the presence of a small di- 
rect hernia, the phrenic ampulla includes the vesti- 
bule and herniated part of the stomach. The term 
‘phrenic ampulla’ as used by radiologists, should not 
be confused with the original anatomic description 
which presumably included features currently as- 
cribed to the vestibule. 


BENIGN CONSTRICTIONS OF THE ESOPHA- 
GUS may be: organic or functional; benign or malig- 
nant; congenital or acquired, (q.v.). 


: laowla whenever ‘poss 
~nethod beat reaults: and Jeast mortality rate was en- 


_- Beute esc 


— bariioy mixture when it descends. - 3 
come chronic it is seen as a ‘smooth: conteal con= 
— striction, apex. downward, of yarying length. ‘Benign ages | 
Se “and clip technic: would indicate that the veatibule fn 
| (part between the diaphragm and stomach) behaves. - 
fp quite differently than the body: of the esophagus. | eee Me 
this disease. The vestibule is capable of functioning a 
ab normally but does not, probably because th receives: eae 
similar picture but spasm is transitory, and organic | no activating stimulus from the esophagus. NRE Se 
- | -goncluded that in achalasia all of the esophagua as. - oe eee 
| defined anatomically according tu mocosal type; igs 
+ diseased and that the potentially normal narrow. eile jis? 
| ment below the area of dilatation is part ofthe oo 
_ stomach, {Palmer), 


THE ESOPHAGUS _ 


Congenital atresia nf the esophagus is usually 
complete with associated Nstula into the adjacent 
bronchi. Prompt surgical feestablishment of normal 
contioulty. of the esophazds ts essential. 
| Roherts advised primary esophageal anasto- 
We in: tease suitable for this 








countered. 


‘Where tension was too great for direct anas~ | 
phon eta at staged anastomosis. was inh 


tomosis, a 
: done. - les 
When. there was daciger ‘ok aspiration at mucus. 


into the bronchial tree further surgery was neces- -— bee 
sary by exteriorizing to upper position of the sangha: 
‘gus and the lawer segment closed: feeding being car- 


ried out by gastrostomy. Reconatruction by ome 
esophageal tissues may give good results. S018 
ae: as a Tule were not successful. 
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Stricture of the esophagus is frequently seen after 
ita—-especially lye, In this in- | 
‘stance the canstriction ts due te contraction of a ring ay 
ES well above the diaphragm in cases of direct gastric - 


- swallawing cauatic 


of sear tissue which follows healing of ulcerations - SS 
caused by the. caustic agent. During the stage of. 
hagitis, examination will show vrregular 





-prosiond Which cause 3 stringy appearance of the 





stricture may he produced anywhere along the — 
esophageal length, but most are seen in the middie. 
and upper thirds, except thane: secondary. ta reflux. 


esophagitis which ate tn the lower third. See p. 368, a 


Spasm of the esophagus may produce a’ somewhat: 


stricture ts per manentiy present... Such strictures © 


can usually be dilated with continued passage of fill~ _ 


form bougies, although gastrostomy for feeding of. 
‘the patient may be necessary in the meantime. — At 


first, filiforms are introduced through an esophago- 
_ SCope; later, by passing a thread through the open- [| See 
7 “seen; the distended and lengthened esophagus, Ted: esate 
“| with retained food, may buige to the right side‘of they 0). 


ing into the stomach—larger and larger bontes can ee 
18 mediastinum fone} be _ SPEEA of a medi-_ nyt 


be successively. passed ee the: SPEDINE, 





o> Rig. 226. 
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- SYPHILIT ic STRICTURE. Syphilitic: strictures: 


are very. fare, They present rounded srigath: ‘conical. ee “ 
constrictions which may at firat be qwelleved by antie —— 


luetié treatment, but Jater after e dense sicatrix Bay 


formed may waqetes progreesi ive adintatlon ninsiler 


oe 


| causes count ‘be eliminated ‘before. a s Alagnosis ‘of syphe Phe 
 jlitic stricture is made, etna 
ayphilis in its carly stagea, such: stricteres. are. be~ ORES: 

es eReaiNg much lees Skequelttie eRe | 


With the modern coptral. af: 


. SARDIOSPASM (ACHALASIA). * - Fy ‘goek; 
227). Cardiospasm is a condition in which gaieeine®: 


eonstriction of the: esophagus at the cardiac orifice 
‘| cof the stomach may almost conipletely prevent the.” 

| passage of food. The point of constriction seema bo: Seek p 
4 be very near the diaphragmatic orifice of the: asopha= Lai atte 
a | gus; the constricted region is smooth, conical andof 

| short length, and beak-like. There is tremendous di- © 

Jatation of the esophagus above the point of ¢ it~ 
Ton, due to lmbalance of nervous mechanisr 





In achaiansia the. esophago-gastric junction : may be 


herniation. -Jn other instances the dilated. esophageal S S 
| junetion extends down to the stomach by eaophago- es 


| scopic examination and its position translated to | 
t fluoroscopy by placing a metallic brain: lip: at the 
| Mucosal funtion and taking a biopsy af the mucosa, 


A study wating this. transesophagoscopic biopsy 


In sa other condition ti such atawin ansaien 


“owe 
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PRINCIPLES OF ROENTGEN INTERPRETATION 





astinal new growth. An instance has been reported 
where it filled the entire right side of the chest (Kay). 
Rare cases have been reported where the bulging 
esophagus has herniated through the cardiac orifice 
down into the abdomen. This would indicate that 
the point of constriction is inherent in the eso- 
phageal muscle and independent of any spasmodic. 
contraction of the diaphragm. On fluoroscopic ex- 
amination, periodic ejection of a small stream of 
barium mixture is indication of its spasiodic nature. 
If small pieces of food material lodge in the apex of 
the obstruction the outline may appear irregular and 
the diagnosis may be in doubt for a time. The incon- 
stancy of such irregularity at subsequent examination 
and the extreme dilation, eliminate the possibility of 
carcinomatous involvement. A case has been reported 
of volvulus of the enlarged esophagus, (D’Alessio). 

The condition is thought to be due to a lesion of 
Auerbach’s Plexus, causing the dysfunction; the vagus 
acts on the smooth muscle of the esophagus through 
the plexus. Failure of dilator impulses leaves con- 
strictor impulses unopposed; the extreme dilatation 
of the esophagus above is due to loss of tone, no 
waves are seen passing down the esophagus once this 
condition is established. When the myenteric plexus 
is degenerated or blocked experimentally the smooth 
muscle goes into spastic constriction. 

The condition is not incompatible with life even 
over long periods; continuous eating finally crowds 
some food into the stomach. Long stasis of food in 
the esophagus may result in esophagitis. Attention 
has been called to the occasional association of 
cardiac achalasia with carcinoma of the esophagus. 
(Baer and Sicher). The degree of esophageal dilata- 
tion is never as great however, under these circum- 
stances. 

Ordinary antispasmodics such as Atropine and 
Benzedrine have no relaxing effect on the cardiospasm 
but the nitrites (amyl or nitroglycerine) relax the 
spasm within a few minutes causing ready flow of 
barium into the stomach. The effect is only transi- 
tory and cannot be used as a therapeutic procedure. 
A new drug, Octvinitrite is said to be more effective 
(Grossmann), but in our experience it has not been 
very satisfactory. Injection of Mecholy] has been 
found to produce a lumen-obliterating contraction of 
the esophagus in cardiospasm which did not occur in 
other conditions suggesting that it might be used in 
doubtful cases as a confirmatory diagnostic measure, 
(Kramer and Ingelfinger). In the early stages, dila- 
tation of the cardiac constriction by a hydrostatic 
pressure from a rubber bag inserted in the constric- 
tion may result in complete cure. Many operations 
have been advocated for this condition but none is 
wholly satisfactory. A transthoracic longitudinal 
splitting of the esophageal coats down to but not in- 
cluding the mucosa (Heller operation) seems to give 
good results with minimal complications in many 
cases. 


ESOPHAGEAL REFLUX. In some infants re- 
laxation or absence of sphincteric control at the 
cardia results in reflux of the stomach contents into 


the esophagus and spitting up of the ingested meal, on 
assuming the horizontal position. These symptoms 
may give rise to a mistaken impression of vomiting 
from pyloric stenosis. On roentgen examination the 
barium mixture flows back freely above the diaphragm 
moving in and out of the stomach synchronously with 
respiration. This has been attributed to a faulty 
mechanism at the cardia, (Astley and Carré). Nor- 
mally: 1) the pinch cock action of the left diaphragm 
forms an oblique junction with the stomach; 2) gas 
pressure in the fundus of the stomach tends to prevent 
reflux, and 3) a certain degree of sphincter control is 
present at the lower end of the esophagus. Gastro- 
esophageal incompetence occurs when there is loss of 
obliquity of the junction due to a wide hiatus produced 
by a tendency to formation of a thoracic stomach re- 
sulting in a poor pinch cock action; this likewise re- 
sults in loss of the stomach bubble. Conway-Hughes 
after examination of a large series of adult patients 
having esophageal reflux, for other accompanying 
pathology has concluded that esophageal reflux is a 
relatively common condition, occurring in 20 per cent 
of all patients examined. It may be free, or may be 
forced, requiring abdominal pressure to produce. It 
is more frequent in women than in men. 

It is a common finding in all age groups; preg- 
nancy is not an important factor. I is most frequently 
found as an isolated lesion and does not occur com- 
monly in those exhibiting poor tone or ptosis. 

Symptoms may be referable to the throat; x-ray 
examination is readily conclusive after taking a pint 
of barium. 


ESOPHAGEAL DISTURBANCES IN GENERAL- 
IZED SCLERODERMA. In scleroderma certain very 
unusual changes are observed in the esophagus 
(Lindsay, et al.) These are characterized by: 
1) atony and dilatation of lower esophagus with loss 
of peristaltic waves especially in the lower half; 
2) dysphagia, especially while in the recumbent posi- 
tion with consequent delay in emptying the esophagus; 
3) substernal pain about an hour after meals probably 
from regurgitation of the gastric contents into the 
lower esophagus; 4) chronic ulceration in lower 
esophagus near the ampulla, probably from the irri- 
tating effect of the gastric juice; 5) ultimately stric- 
ture formation just above the diaphragm from cicatri- 
zation. Considerable delay is also noted in emptying 
of the stomach and in passage of the barium through 
the intestines (Hale; Schatzki) Pachyderma, or 
thickening and induration of the entire esophageal 
wall from inflammation may occur, giving rise toa 
roentgen picture of fine parallel longitudinal esopha- 
geal folds with irregular marginal indentations 
(Ludin). The constricted region is longer than that 
seen in cardiospasm, and not necessarily immediately 
at the cardia. Dilatation above the stricture is not as 
pronounced as in cardiospasm. 


INTRAMURAL EXTRAMUCOSAL TUMORS OF 
THE ESOPHAGUS (Fig. 228A and B). Intramural 
tumors of the esophagus cause rounded pressure de- 
fects on the esophagus which produce sharp, clear- 


tg 226A By “Figs da AB 
cut edges at the anew They. differ in: appearance 
from preasure defects produced by adjacent extra=  - 


that structures of this type produce more gradual - 

pressure without the sharp abrupt margin, (Sennett), 
‘The diagnosis is of great: importante: in thaf intfa-~ 9 
‘mural tumora of this kind regardless of whether. they 


occur in the esophagus, stomach or intestine are us~ | 


ually benign, (Schatzki, and. Hawes). ‘Benign tumorea 


‘of the esophagus are very rare; those moot comman- 4 ingui 
| ‘benign smoothly tapering or abruptly ponstricting — 


ly encountered are myoma, fibroma, Upoma and 
polypi. Cystic: dyaembryoma has been epurted,: 
(Truchot and Coutou). 

Green, etal. have pointed’ oat: that istomyoma 
of the esophagus, although stili a rare tumor, is 





rapidly advancing in the number of recognized eases, 3 


ture, whereas 100 6 cases have been described since, oes 
In fully one~half of the instances: they may pre- | 


sent nO symptoms whatever, the rest presetit widely 


varying symptoms referable fo the esophagus, difht~ S 


culty in swallowing, ete. and aeper scant tract, 
naueea, worting, ete.” 


it 


masses to the esophageal wall or ‘extending into the = 


lumen. - SNES | 
fs ~ King, et al ‘have. tupewied a case ‘af carcinoma 
mire of the: esophagus with assoctated SERA COTS 

? which they: peter y bo as REA DORAL CONES 


SS: MALIGNANT. TUMORS C OF ‘ESOPHAGUS* (Fig 
 228C), Carcinoma ia the most common type of in- 


in males (90%), The carcinomatous. growth, springing 
from the inner mucosal lining of the esophagus, grows: 


inward into the lumen, thus taking up part of the Sate : 


ordinarily svaitable for the passage af food. Such 
growths are ¥elatively painless and may progress to. 


large size before they give evidence of their presence | ee 


“by obstruction to swallowing. They may ultimately 


| Sete pacts § ie cecehege. ‘On the adm inistra-| as 





_ -- esophageal structires. guch as. the aorta or tumors of EE: 
- other types such as chordoma, or meningacéle, in CHa S 2 

TR ¥eke , 
fp mpost frequent. site on the middle third. Food. parti-. 
eles impacted at the site of ‘obstruction may conceal 
the true appearance of the lesion, or contrarily, may 

‘cause a benign lesion auch as smooth stricture Oe. 

3 fave the irregular outline Gfacarcinoms:  — 
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Fig. .228C. 


ae 1 tion nk a barium mixture they show 2 silhouette of the 

| | inner’ margin of the growth giving the ‘BopHaTanre ae ao a 

_Sereeubsy: conatriction—apex downward, 3 Seton 
i The detec ; nm rons “the: tater: may: ee 

: be Been at any evat of the esophagus, bat the’ majority eS | 






‘lepiona are in the lower third, and next 





‘Usually carcinomata tan be atatingut: shed from : = 





lesions by thelr irregular contour, and also vs the. ine mS 7 





with: longer life expectancy, and do nok progress Bo Sane 
often to complete obstructian, thes. allowing dilatation eS 3 
: above the lesion, sometimes of enormous degree. 


The short abdom inal portion may be difficult to. fg 


“examine. in detail in some cages. Retcopneumoperi- 
| toneum may be of aid in visualizing legions in this >. ° 
4 (Antoine, et al.). Mediastinal tumors or bron~ Sie 
E chiogenic tumora and their lymph node metastases 
| may cause pressure defects on the esophagus: (Mid- a 

| dieman). Later on they may extend inin a bronchus. 
| with the ‘establishment of & bronchoespphageal- fatale, = =e ee 
| Thie is indicated al iiuoroscopic examination by the 
escape of opaque im 





ure through the fistula into the 
bronchial tree, if complete occlusion hag oeeiured, | 





Bee Fe | gastrostomy may be performed for prolangation of. - 
AES | ife. Preidenfelt has described a method of double — 
| contrast: examination of the esophagus of use espe-— = ee 
| clally in cases of atricture for the differentiation of 
as 4 pathological lesions. ease 
yolvement of the esophagus, Wt o¢curs most frequatiy| 


‘This is sccompliahed by ad- 
‘Mlnistration of a teaspoonful of effervescent powder 





- (sodium bicarbonate and tartaric acid, equal parts) 
-dmmedistely washed down by a thin barium aolution. - 


‘A similar effect nay sometimes be aeciired by mere- 


pa dy. swallowing air with the solution oft barfum, or by 
Rie belching airand barium from the ise 





Surgical resection is now ! feasible in 3 goodly: 
~ pomber: of cases although the five-year. sievival rate 
4s siemppoletian: | Rees the anette to swallow os 


SBR 


BD normally. for. the remaining months or youre of life a 
makes: jusiifisbie an operation of this sagoitude even | 
2 when done purely for palliation. — 3 de 
| - Neville and Clowes have described a surgical 
: procedure whereby a segment of the colon is treed, 
extended apward through the diaphragm, into the. 
- thorax te replace the resected esophageal segment.” - 
Deep X-ray therapy given through a continuous: 
port with complete rotation of the patient's body, 


using small repeated doses carried ov over a pro- s Al 


tratied period has proved: of nome. promise in ae 
: treatment of this disease, ae 
The. technic ‘Of intubation fe cbabinneting: car= 
. nama of the esophagua permitting the passage of 


forall 


iyethylene tube past the stricture into the stomach, | 


tive Parent has been described by. Len 





‘ion: dito anacethenioiney. ‘tiserted into the pl 


and upper esophagus, asa guide, a polyethylene = 4 : Cee ee 
. | & Geos - 





with metal wire is passed down the exop } 
“point of stricture. Sy manipulation the ‘tube is 


passed through 1 the carcinomatous stricture into the. 3 a 
‘stomach, where it remains permanently. Palse a as 


Bage is. encquntered in une than 2 eer Rene of the - 
| Cases. Sees 3 7 


 piver RTICULUM ¢ or “ESOPHAGUS” ‘diver: 


3 Heaton: 1 & pouchitke projection froin the lumen of. < : 


a hollow viscua. Diverticuls of the esophagus may 


3 se occur at any age; they may vary from a few eailli= 


meters to many, eight or ten, centimeters in size. : 
Most diverticula give very few symptoms wntil by > 


their size and location they interfere. with ‘the act of 3 : ae 


swallowing. 
_Diverticula ot the * esophagus 2 are 2 af  eanentially 


- ae ; te ee) é*a, 7¢ Mata ite 
2. Traction and a ee 
3, Pulsion nee 


ae “raction diverticula (rig. 220A), : as 5 their name e im S 1 


plies, are produced by scar tissue traction on the — 

~ esophageal wall following mediastinal infections, such! 
-as tuberculous mediastinitis. They cesar finost com 2 
monly in the middle third on the lateral or anterior 
wall. They are usually small and ealitary and are 
usually directed upwards, If examination with: a heed 


ium meal is: not made in the recumbent position. they Se 
ie the act of swallowing, 


May be entirely missed, They are almost always af | 


no. clinical Bignificance, not, giving rise to symptoms af 


ane not requiring excision. — = 

Pulsion diverticouls {Fig 2208) a are. more coms 
cee they usually otcur high up in the neck near the 
junction of the. pharynx. and esophagus; although they — 
May occur in any location in the esophagus (Fig, 2050), 
They are probably due te a deficiency in the muscula- 
ture and: a failure af the ericopharyngeus : muscle to. 


Once started, such diverticula may progress to enor~. 
‘Mouse size cagsing Sbstruction by he BE OR HES: pouch 
on the: esophagus. = 

They: are best seen | on dlciroscapie examination: 


as ee panes s selnke, ‘the thin Dariuny sepiate: mixture} 


ing an. ordinary intubation tube such as tome oGSSe 5 
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. éoters the diverticuram decionie oi the saciike append : 

age. This retains the hartum after the remainder of | 
the solution continues on inkt the stomach: The neck’ 
Sve os _Of the sac is upward ‘aid the fundus or rounded end is ie af 
SS downward, producing a form of shadow exactly oppu-. 
| site te that seen in any type of esophageal tonstric-’ 3 ey 


tion, They arise from the posterior aspect of ithe” 
esophagus, and usually protrude to the left side’ at tie 
neck. The surgeon will desire to know the: diverticus, Nis 


ee 5 position, aq as to plan his incision 


=e dissecting (intramural) pharpnaa-auaphapeal ‘ : 
“diverticulum Separating the muscular coats ofthe =~ 


: | Gaotisgun as it extends downward has. been descritied Z 3 
-{Melamed, and Walker), wae contents is Bante cat ee ee 


"ESOPHAGEAL VARICES fe 330A). aster : Se 


x | came of the esophagus ’ which ean be detected a 


_ rpeotgen examination ta esophageal varicosities. 


- These are jooated mainly in the lower third of Hie es 
2 ‘epophague near the cardiac orifice. _Hemarrhage be EES 
-eurred in cirrhosis of the liver in from 2i to 28 pts =2 
|. Laennee’s cirrhosis, aa indicated by Patner and - 


“felax during swallowing; a pouch of the macous: mem- | oi 
- brane (s formed by the natural process of ‘swallowing. |. ahd source of bleeding in 69,24 and 2.6% re-. 
Bpectively, j 
- the source of bleeding in.18.4% and 8.3%, pespecthies - 


i iY, tn 22 a. 29% oF tie: patients: in ‘whow: hemorrbage: Ya 


Halsted. Esophageal varices and gastric’ varices: 


‘Peptic ulcer and pautvic erosions: were’ 


intestinal tract were ; demonstrated. ‘Both peptic nicer oe . 





Wat present ina significantly greater number of | pan: 
ents with ¢irrhosis than in patients: without. mirrha- 


eens ‘palb: on the end of an esophageal tube: bef 

the esophagus to the lawer partion of the esophagus — 

| applying pressure: to tie esophageal varices by infia~ J 

+k tt. inte: ite the limen like a thin shelf, as. ike jac: of 
thread were tied about the esophagus, {Fig. 23085). 

aS 3 ope phe. lower portion of the pharyngeus musele, ray lore 

a ae émonth indentation of the posterior: ‘pharyngeal Wally. 

< TP age 2308y), (Killian’ s Lip) agit PRsses. this point in ood 
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, aed esophageal varices were present in 12 al he 22 
patients, In a series of 1,278 autopsies peptic alcer a ae 
| alowed down. ‘This is best accomplished by examina =A | 
“tlon of the patient in the recumbent position ons | Zs 
- Bauorascopic x-ray table capable. of lowering the. head 


sis. Determination of the sources of bleedin 
ee tients with rirrhosis of the liver is importan 
- diagnosis and therapy. Examination with: barium 


i pa 








mixture while iying down shows their elongated tor- — 
ee 


tuous structure. One-half texspoonful of} 





ministered with the patient in the right oblique Few 2 Ae 
oe eutaneously thirty mimuites before also helps. 


cumbent position will serve to outline the mucosal — 
reltet of the entire ‘eeophagus; a number of radio- 

graphic examinations should be made from 5— 
seconds fo one minute after the adminiatration at 7 
Rogar. Use of a serial rapid film chan er auch as 
the Sanchez-Perez apparatus for. éardioang) 





ond intervals has done. much to facilitate this exami=— 
nation. fon is made in forced inspiration 





ane: bas foreed oustie with the ami eloped: tins 2 ay 3 4 eo | - 


C a ‘ “ 


ghown. that the varices chee re ize ‘with change: i oe oa se 
intrathoracic pressure. Peristatste may completely: |) . 


flatten out the folds causing thelr disappearance, The | 
condition is miost frequently encountered in cirrhosis - 
of the liver Such lesions are frequently accaurented |: 
by gastric varices of the fundus of the’ stomach. 
Varices often bleed, and the blood Ions. may be of 
massive ‘proportions. “Ustortunately varices ara- 
poorly demonstrated.as 2 rule during the pending 


ed herause of the imporianne of localizing an. 





 Palsier, on examination of 172 patients with proved 
esophageal varices, with roentgen rays, . found that 


78.1%, were detected where there was a history of 


hemorrhage. and only 52. 1% where there Was RO: such. 
history; only 22% af cases diagnosed by ceopnarsmenbel 
were discovered by roentgen rays alone; eee the 


eed for improvement in roentgen methods, 


‘Nathan bas proposed the use of un jnilatable - 
ansed down 





3 Hon.” _ PRCeeuTe: at: Bi ee wren cause. AEE 
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in both | f 


; ra phy ze = A oS | 
making aix to eight exposures at one-half to one. sere | 


- Period, but barium swallow examination should be at- | apy) 
 Wpper alimentary tract bleeding lesion. Brick and. 


SSS fer = _ a Ses a 
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_ 382A. 
_ Nelson points out that esophagest: warices are. 


| heat seen when the esophageal barium stream is 


bate, the Trendalenberg position, = 
‘Further tecourse to thick barluc ‘helps stat siow | 


3 the passage. Addition of carboyxmethyiceliulcse fies 
ue the barium mixture adds to the adherent propetties. | 


Administration of atropine auiphate given subs ee os 
Valsalva: maneuver forced L sulalation gaint 
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Js dedelapment ola webilke. atrugture at the. apper: end. 


of the esnphagus: iy! ‘portqc ricoid ‘Region, ‘bas been” SU 
cnated, in association with dysphagia, Ate patients: ser | 
fe from Sieorenite an iron: EERE Y alate sae 

S deome)s At the ‘upper ene ee che. ‘onughagusd the: ae LSe3 
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THE ESOPHAGUS 


ence even in the ordinary chest roentgenogram. A 
similar process may occur in adults from peptic 
ulcer of the esophagus. Thus it may be possible that 
short esophagus and thoracic stomach may not in all 
cases be congenital in origin, (Johnstone), and many 
observers think a true congenitally short esophagus 
to be a rarity. 


Cysts lined by gastric mucosa have been re- 
ported in the mediastinum. 


REFLUX ESOPHAGITIS AND PEPTIC ULCER 
of the lower esophagus are two related entities, Both 
are thought to be caused by reflux of acid gastric 
juice into the lower esophagus. There the mucosa 
cannot withstand the acidity and thus becomes in- 
flamed, and eventually ulcerated, Early signs of 
esophagitis consist of spasm and slight narrowing of 
the inflamed region with distortion or loss of mucosal 
folds, Later the constriction may become more pro- 
nounced and more constant. Small erosions and ul- 
cerations are seen, often extending over quite a 
length of the tube, Dilatation of the esophagus above 
the diseased area does not occur until later when | 
permanent non-relaxing constriction is present. 
Whereas early changes may be reversible, continued 
disease leads to fibrosis and irreversible narrowing, 
(see Johnstone, Wolf), Robinson and Hennessy have 
reported two cases in which vomiting and collapse 
figured prominently, 

Should localized ulceration persist, or undergo 
phases of healing and exacerbation resulting in addi- 
tional fibrosis the constricted length may be quite 
limited. This type of finding is often seen at the eso- 
phagogastric junction, in association with a shortened 
esophagus and herniation of a pouch of stomach above 
the diaphragm, These cases have been referred to 
as congenitally short esophagus, but there is an in- 
creasing feeling that the shortening of the esophagus 
is acquired, that is, due to the fibrosis and spasm 
caused by reflux of peptic acid contents into the lower 
esophagus. The short constricted length in addition 
to showing distortion and loss of mucosa, may show 
a definite deep ulcer niche at the margin of the 
stomach and esophagus. The reflux of stomach con- 
tents into the esophagus can be demonstrated at 
fluoroscopy if the stenosis has not progressed too far, 

Peptic esophagitis may result from severe, 
prolonged vomiting or from the trauma of indwelling 
gastric tube. Duodenal and gastric ulcers, and hiatus 
herniae, of several types, also predisposes to peptic 
esophagitis, and conversely peptic esophagitis may 
progress to herniation of the stomach supradia- 
phragmatically. 

Chronic peptic ulcer of the esophagus has been 
described for many years as a rare condition of un- 
known etiology. In 1950, Barrett pointed out thata 
congenital anomaly of the epithelium lining the lower 
esophagus was present in these cases and was a pre- 
disposing cause for the development of such an ulcer. 
In this anomaly, a variable length of the distal 
esophagus is lined by glandular or an atrophic type 
of gastric epithelium. A discrete chronic peptic 
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ulcer in gastric-lined esophagus has been referred to 
asa “Barrett” ulcer by later authors, (Som and Wolf). 

In addition to substernal and upper abdominal 
pain, hemorrhage either massive and acute or small 
and chronic is experienced by some. This should al- 
ways be kept in mind when the “g. i. bleeder” is ex- 
amined. Bleeding is from the discrete ulcer, or from 
the inflamed, fragile mucosa. 

Dangers of prolonged administration of steroids 
and antibiotics have been emphasized by Marsh in the 
development of monilia infection of the esophagus. 

Roentgen manifestations are given as a feathery 
irregularity of the esophageal mucosa. If allowed to 
progress this may end fatally; if administration is 
stopped uneventful recovery is the usual rule. 


LOWER ESOPHAGEAL RING. Schatzki and 
Gary have reported a diaphragm-like localized nar- 
rowing in the lower esophagus just above the cardia 
sometimes associated with dysphasia and inability to 
swallow solid food of ordinary size. The cause is not 
known. Esophagoscopy often fails to disclose either 
an organic stricture or a definite sphincteric action. 
In one instance it has been observed by esophagoscopy 
to consist of a fibrosed band and it has been assumed 
that this may have resulted from healed peptic ulcer, 
Resection of this segment has given relief. A simi- 
lar type of diaphragm-like lesion has been reported 
at the pyloric end of the stomach (q.v.). The same 
authors have recently presented their findings after 
a study of 21 such cases, as follows: 

1. A thin diaphragm-like constriction of the 
lower esophagus is not infrequently found if the esoph- 
agus is distended with barium mixture. 

2. This narrowing represents a thin annular po- 
sition of the wall of the esophagus which cannot be dis- 
tended as well as the wall above and below this region. 

3. The maximal diameter of the ring is usually 
constant for several years. 

4, The ring occurs equally frequently in males 
and females. It is considerably more common in per- 
sons past the age of fifty. 

5. The ring must be differentiated from simple 
muscular contraction of the esophagus and from 
hiatus hernia with or without esophagitis. 

6, The cause of the ring is unknown, The ring 
is frequently associated with a hiatus hernia, and it 
appears likely that some upward displacement of the 
intestinal tube into the chest is present in all cases 
with rings. 

7. In most instances the ring produces no clini- 
cal symptoms; in a smaller group of persons it results 
in dysphagia with characteristic sporadic episodes of 
difficulty in swallowing solid foods. 

The authors have observed 21 patients with dys- 
phagia. The question of whether or not dysphagia oc- 
curs depends primarily on the diameter of the maxi- 
mally opened ring and to a lesser degree on the eating 
habits of the patient, 

8. Satisfactory therapeutic results in the pa- 
tients with dysphagia can usually be obtained by proper 
education of the patient. An occasional case will re- 
quire surgery. 
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NERVOUS INTERFERENCE WITH 
ESOPHAGEAL CONTRACTION 


Bulbar Paralysis. In bulbar palsy, myasthenia 
gravis and similar afflictions, the swallowing reflex 
is disturbed and barium mixture, in place of passing 
normally down the esophagus, is aspirated into the 
lungs. 


“Curling” or Corkscrew-(Writhing) esophagus 


(Fig. 230C) is a condition presumably caused by some 
disturbance in the nerve control of esophageal peri- 
stalsis in which numerous irregular contractions ap- 
pear throughout the esophagus giving the impression 
of curling in a corkscrew fashion. The esophagus 
may be relatively inactive until swallowing is at- 
tempted when writhing contractions appear playing 
rapidly up and down the esophagus without useful pur- 
pose. The cause is not definitely known but it is 
thought to be due to simultaneous contraction of alter- 
nate segments producing intermediate bulges. Contrac- 
tion of the longitudinal muscular bands might also be a 
plausible explanation. The condition is very rare. 

Since the development of esophagitis and peptic 
ulcer usually follows prolonged vomiting and retch- 
ing causing irritating gastric juice to remain in long 
contact with the lower esophageal mucosa Dawson has 
also shown by a series of remarkable cases the de- 
velopment of ulceration in esophagitis, the contraction 
and shortening of the esophagus with herniation of 
stomach through the esophageal orifice. 


Infection of esophagus with monilia albicans 
has become more prevalent in recent years since the 
widespread use of antibiotics and cortisone. With 
suitable technic the esophageal infection can be de- 
tected. Symptoms of the cases were a long history of 
leukopenia and splenomegaly, severe recurrent in- 
fection, long treatment with antibiotics and short 
treatment with cortisone, 

Roentgen examination of the esophagus re- 
vealed essentially extensive mural changes without 
involvement of the esophagus itself. Aside from 
dysphagia there were not eeophageal symptoms. 
Roentgen examination of the esophagus showed the 
outline to be irregular and ragged, made up of small 
indentations and protrusions. Many of the cases are 
fatal, (Andren and Theander), 


INJURY TO THE ESOPHAGUS 


Esophageal Perforation. Perforation of the 
esophagus whether it be from foreign body or spon- 
taneous rupture is a very serious condition which is 
frequently fatal unless promptly recognized and 
treated. Perforation from a foreign body is localized 
to a small area and usually gives ample indication of 
its presence. Increase in the retropharyngeal space 
or widening of the mediastinum with accompanying 
interstitial emphysema are the main diagnostic 
points. Administration of Lipiodol may demonstrate 
the fistulous tract into the surrounding tissues. 

Heald has reported on 10 cases of esophageal 

perforation during esophagoscopy over a 10 year 
period and stresses the fact that most were at the 


PRINCIPLES OF ROENTGEN INTERPRETATION 


site of previous pathology. Three were located at the 
site of the cricopharyngeal muscle. Aggressive sur- 
gical management provided the most satisfactory 
method of treatment. 


Spontaneous rupture of the esophagus is a less 
frequent but much more dramatic incident. The es- 
sential factor in its production according to Gay is, 

“a sudden increase in intra-abdominal pressure as- 
sociated with spasm of the pylorus and cricopharyn- 
geus muscles with resulting sudden increase in the 
intraluminal pressure of the lower esophagus.” Under 
these conditions a spontaneous tear results in the dis- 
tal end of the esophagus. This is its weakest part 
anatomically where the vessels and nerves enter. 

The tear extends longitudinally, involves all coats in 
the distal 3 inches of the esophagus. There is imme- 
diate dissection of the stomach contents into the medi- 
astinum or pleural cavity. Emphysema extends into 
the mediastinum and subcutaneous spaces and there 

is frequently associated pleural effusion. In most 
cases this accident occurs during the act of swallow- 
ing in association with some other outside influence 
at the time such as hiccoughing, when the stomach is 
already distended. In a patient observed by us, the 
rupture occurred into the stomach and pleural cavity 
discharging a large amount of air and beer into the 
pleural cavity. Most diaphragmatic ruptures are due 
to street accidents, falling from heights, etc. 9 cases 
are reported by Bartley and Wickbom; 8 on the left 
side in which the stomach, colon and spleen were 
usually herniated into the chest, and the 9th, on the 
right side where there waa associated injury to the 
liver and an extreme hemothorax with death of the 
patient. Under certain circumstances the wall of a 
distended stomach or colon may simulate the dia- 
phragm. Christoforidis and Nelson have reported a 
case in which the irregular rent formed a pouch which 
recovered spontaneously; usually the accident re- 
quires immediate operation. Migliaccio has reported 
a case which occurred five years after resection of 
the stomach. Bodi, et al., have also reported a case. 


Dysphagia. In bulbar palsy (Madsen) x-ray ex- 
amination reveals the cause of the dysphagia to be 
1) passage of the barium mixture into the larynx and 
trachea, 2) its accumulation in the pharynx, 3) its 
retention in the valleculae, and pyriform fossae, and 
4) its slow passage down the esophagus. Dysphagia 
has been encountered in association with the pressure 
of the sclerotic aorta upon the esophagus, (Keates and 
Magidson). Langton and Laws have reported 3 cases 
of carcinoma of the pancreas in which dysphagia was 
a prominent and early symptom; this seems to be 
very uncommon. 


DIAPHRAGMATIC HERNIA.* (Fig. 231A) with 
protrusion of the stomach through a hernial sac into 
the thorax, carries with it the esophagus; in this case 
the esophagus is not shortened but is normal in length. 
(See Gastric Hernias.) 


Eventration of the diaphragm may result in the 
stomach occupying an extremely high position with 
the esophagus following into the new location. 
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Elongation of the esophagus. The esophagus 
may become extremely elongated in cases of long- 


standing severe visceral ptosis; an instance has 
been reported where almost the entire stomach was 


within the hernial sac of a scrotal hernia, (English; 
Lust). 
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Fig. 231A 


Shortening of esophagus. Instances of marked 
shortening of the esophagus have been encountered 





due to either congenital causes or as retradation from 
esophageal ulcer. 


D. Peptic Esophagitis with 
short constricted area, short- 
ened esophagus, and small 
pouch-like gastric hernia. 
Ulcer may or may not be seen. 


B. Peptic Esophagitis 


C. Peptic Esophagitis 
with ulcer, 


E. Peptic esophagitis and 
with hiatal hernia. ulceration, possibly from 
aberrant gastric mucosa. 


I. 


Il. 
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THE STOMACH (Chapter XIX) 


Anatomy 

Relation of gastric types to habitus 

Roentgen examination 

Normal stomach 

1. Divisions of stomach 
Pars cardiaca 
Pars media 
Pars pylorica 

2. Normal landmarks 
Stomach bubble 
Lesser curvature 
Greater curvature 
Incisura cardiaca 
Incisura angularis 
Cardiac orifice 
Pyloric antrum 
Pyloric sphincter 
Duodenal bulb 

3. Peristalsis 
Hyper- and hypo- 
Reverse 

4. Gastric motility 
Motor barium sulphate meal 
Hyper- and hypo-motility 


- Organic pathology 


1. Gastric ulcer—roentgen characteristics 
a. Types 
Mucosal 
Submucosal 
Penetrating (through circular muscular layers) 
Perforating (through peritoneal layer 
Healed, hour-glass stomach 
b. Location of involvement 
c. Etiology of, influence of ischemia 
d. Roentgen observation during treatment of, 
Influence of bed-rest, 
e. Malignant degeneration of, 
f. Surgical intervention in, 
2. Gastric carcinoma—roentgen characteristics 
a. Types 
Polypoid fungating type 
Scirrhus type 
b. Location 
Fundus 
Pars media 
Pars pylorica 
c. Surgical treatment of, 
3. Linitis plastica—roentgen characteristics 
a. Carcinomatous 
b. Fibrotic 
4. Malignant lymphomata 
a. Hodgkin’s disease 
b. Primary lymphosarcoma 
9. Gastric syphilis—roentgen characteristics 
a. Gumma of stomach 
b. Sclerosis 
c. Tabetic crisis 
6. Pyloric muscle hypertrophy 
a. In infants (congenital) 
b. In adults 365 
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10. 
11. 
12. 


13. 


14. 


15. 
16. 
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- Benign tumors of stomach—roentgen characteristics 
a. Myoma 
b. Fibroma 
c. Adenoma 
d. Angioma 
e. Neuroma-—Schwannoma 
. Giant gastric rugae 
. Redundant gastric mucosa 
Gastric polyps 
Multiple polyposis 
Gastritis 
. Hypertrophic—alcoholic 
. Atrophic 
. Ulcerative 
. Phlegmonous 
. Emphysematous 
. Post-irradiation gastritis 
. Tuberculosis of stomach 
Diapedetic hemorrhage from stomach without demonstrable lesion 
In chronic abdominal infection; 
a. of gall bladder 
b. of appendix 
c. of diverticula 
Foreign bodies 
a. Trichobezoar 
b. Phytobezoar 
Diverticulum of stomach—roentgen characteristics 
Gastric hernia and kindred lesions 
a. Esophageal orifice 
b. Diaphragmatic 
c. Eventration 
d. Ectopic stomach (scrotal femoral hernia) 
e. Thoracic stomach (congenital) 
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IV. Functional lesions—roentgen characteristics 


1 


2 
3 
4 
9 
6 
7 


. Gastric spasm 
Intrinsic origin 
Pylorospasm 
Extrinsic origin 
Reflex 
. Gastroptosis 
. Nervous indigestion 
. Gastric neurosis 
. Psychological effect on gastric function 
. Cascade stomach 
. Gastro-duodenal invagination, (intussusception) 


V. Corrective operative procedures 


1 
2 


. Gastroenterostomy—roentgen manifestations 
a. Marginal ulcer 
. Vagotomy 


3. Gastric resection 
4. Perigastric hematoma from traumatic rupture of spleen 
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Chapter XIX 


STOMACH 


ANATOMY. The stomach is the most expanded 
portion of the gastrointestinal tract. It consists of 
four distinct coats: 

1. The outer serous or peritoneal coat covering 
the stomach is similar in all respects to peritoneum 
elsewhere in the abdomen, 

2. A muscular coat made up of an outer longi- 
tudinal and an inner circular layer of muscle fibers. 
At the cardiac or upper end, the stomach connects 
with the esophagus. A small ovoid dilation of the 
esophagus just above the diaphragm is known as the 
cardiac or diaphragmatic ampulla. There does not 
seem to be any definite muscular sphincter demon- 
strable at this orifice but the contraction of the 
smooth muscle fibers seems to function as if there 
were; Chevalier Jackson has demonstrated that the 
constriction demonstrable lower down is due toa 
pinch-cock action of the diaphragm. Occasionally a 
weak sphincteric action can be demonstrated but for 
the most part no actual change can be seen. Fluoro- 
scopically, however, the lower esophagus behaves as 
if a sphincter were present especially if any of the acid 
contents of the stomach regurgitates into the esopha- 
gus. At the pyloric or lower end of the stomach there 
is, however, a very distinct thickening of the circular 
musculature forming the pyloric muscle or sphincter. 
Progressive contractions of segments of the muscu- 
lar coat produce peristaltic waves by which the 


gastric content is propelled onward into the intestines. 


During the first few weeks of life the pyloric mech- 
anism lacks proper coordination and an infant’s 
stomach may not empty in eight or even, as much as 
twenty-four hours. Within the first seven to ten days 
of life any delay in gastric motility cannot be con- 
sidered as pathological. 

3. A coat of areolar tissue which furnishes a 
space for transmission of blood vessels. This loose- 
ly constructed layer permits passage of blood through 
the vessels without interference from peristaltic con- 
tractions. The blood supply to the stomach is from 
the gastric artery which passes to the lesser curva- 
ture just below the cardia and from the pyloric artery 
which passes along the lesser curvature from below 
upward. The greater curvature is supplied by the 
left gastroepiploic artery from above and the right 
gastroepiploic artery from below. Some observers 
believe that these vessels are of particular impor- 
tance in the formation and healing of gastric ulcer. 
The nerves are from the right and left vagus and 
solar plexus of the sympathetic system. Auerbach’s 
plexus is probably the site of the nerve control for 


peristaltic movement while Meissner’s plexus in- 
fluences gastric secretion by its distribution to the 
gastric glands. 

4. An inner mucosal lining which furnishes the 
secretory portion of the organ. This is the most 
specialized layer of all; it is concerned with secre- 
tion of the gastric juice. It is thicker and less elastic 
than the other layers, being thrown into folds by con- 
traction of the muscularis mucosa. As the stomach 
is filled these become ironed out but are never com- 
pletely lost. These mucosal folds or rugae are con- 
tinuous through the pyloric ring into the first portion 
or bulb of the duodenum which has led many observ- 
ers to consider the first portion of the duodenum as 
a part of the stomach rather than the intestine. 

The stomach usually occupies the position in 
the left upper quadrant of the abdomen, but occa- 
sionally it may be found on the right side. This may 
be due to a complete situs inversus, all of the organs 
being reversed, or it may be the only organ dis- 
placed, (Almy, et al.). 


RELATION OF GASTRIC TYPES TO HABITUS. * 
In the cadaver the stomach is found high up under the 
ribs. Even at operation the stomach appears high up 
in the abdomen. This is because in each instance the 
subject is in the recumbent position. In active life, 
with the patient standing, the stomach extends much 
farther downward. Before this fact was appreciated 
a great deal of confusion resulted in the study of 
roentgenology by the various shapes and sizes in 
which the stomach was found. It remained for R. 
Walter Mills to definitely correlate habitus with 
stomach form (Fig. 232). If we represent diagram- 
matically the physical characteristics of a normal 
well-built individual by a square and designate this 
type of habitus as sthenic, the type of stomach nor- . 
mally possessed by such an individual should be 
tubular in shape—as wide above as it is below—with 
the pylorus to the right side and well above the 
umbilicus. A stomach having these characteristics 
is called an orthotonic stomach or one which exhibits 
normal tone. 

Now if we progress toward more slender in- 
dividuals, whom we may designate as of hyposthenic 
habitus, we find that their type of stomach {[s longer 
and more slender, narrower at the top and having a 
tendency to sag below, the greater curvature de- 
scending to or near the umbilicus and the pyloric end 
swinging over more to the left side. Such a stomach 
is known.as the hypotonic type—it is normally found 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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in an individual of this type. 

Still more slender individuals are designated 
as asthenic individuals and their stomachs sag far 
down below the umbilicus into the pelvis, being al- 
most collapsed above, expanding into large sacs 
below. They frequently swing entirely over to the 
left of the umbilicus. Such stomachs are known as 
atonic stomachs. 

rogressing in the opposite direction from the 
normal sthenic habitus to the short, fat stocky indi- 
vidual, designated as hypersthenic, we find their 
stomachs much higher in the abdomen, often well up 
under the rib margins, extremely wide above and 
narrow below; lying almost transversely across the 
upper abdomen with the pyloric end well to the right. 
Such stomachs are designated as of hypertonic type. 

There can be no doubt that the intraabdominal 
pressure contributes greatly to the development of 
these various gastric types; indeed, it may be that it 
is the most important factor. As the intraabdominal 
pressure is raised by deposit of fat on the abdomen, 
the abdominal wall becomes less flabby and does not 
permit the sagging down of the abdominal contents. 
The influence of this support is seen mainly in the 
lower, more movable portion of the stomach, so that 
it is held up and not permitted to sag. Change in 
type of stomach to conform to habitus has been noted 
clinically when a patient by putting on weight changes 
his stature. 

In its natural state the stomach, being of simi- 
lar density to the surrounding structures cannot be 
visualized by roentgen-ray examination. Again it is 
necessary to resort to administration of radiopaque 
mixture—barium sulphate. Such a mixture filling the 
stomach does not render the stomach itself visible 
but merely provides a silhouette of the gastric lumen. 
Any defect in the mucosal lining can be readily 
visualized. 


NORMAL LANDMARKS * (Fig. 233A and B). As 
the barium sulphate mixture enters the stomach 





Fig. 233A 





Fig. 233B 
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through the cardiac orifice of the esophagus it may 
leave a stellate and semilunar impression on the 
upper end of the stomach due to puckering of the 
esophageal mucosa as the orifice is seen “on end,” 
(Fig. 233A). This must always be borne in mind 
as normal structure (Hodges, etal.). The barium 
descends along the lesser curvature to the lower 
portion of the stomach where it collects, gradually 
expanding the stomach from below as it fills. The 
portion of the stomach above the esophageal ori- 
fice is known as the pars cardiaca or fundus; 
that below the incisura angularis to the pyloric 
sphincter is known as the pars pylorica, and the in- 
tervening portion is designated as the pars media. 

The esophageal opening (e) being below the 
highest point of the stomach permits the accumula- 
tion of any gas in the stomach above this point. This 
gives rise to the stomach bubble (s.b.) a gas collec- 
tion always found in the fundus (f) of normal stom- 
achs. As we proceed downward along the lesser 
curvature (l.c.) we come to an abrupt indentation at 
the point where the stomach assumes a more horizon- 
tal position; this is known as the incisura angularis 
(i.a.). At the lower end of the stomach there is a 
muscular ring known as the pyloric sphincter (p.s.) 
which relaxes periodically, permitting barium to be 
ejected into the duodenum, (a). 

Contraction of the gastric musculature is con- 
cerned in maintaining its tone. 


PERISTALSIS (Fig. 234). The stomach is 
emptied by peristaltic movement. Peristaltic con- 
tractions are successive ringlike contractions of the 
circular musculature produced by a gradient of nerv- 
ous impulses which start at the fundus and progress 
downward toward the pyloric end, terminating at the 
pylorus by relaxation of the pyloric sphincter per- 
mitting small portions of the stomach contents to be 
ejected into the duodenum. They are diminished in 
carcinoma and increased in ulcer or pyloric 
stenosis. They may be increased in the normal 
stomach within a few minutes by administration of 
1/25 grain of physostigmine sulphate by mouth. 
Muscular tone may be restored to an atonic stomach 
by the administration of 40 gm. syrup of ipecac which 
Serves also to rid the stomach of any residue of food 
material (Seneque). A fine mucosal diaphragm has 
been reported as a rare occurrence in the prepyloric 


Fig. 234 
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region of the stomach (Gross and Durham), but this 
does not seem to interfere with gastric motility or 
other functions. 


GASTRIC MOTILITY. The emptying time of 
the stomach is influenced by the composition of the 
food material. Water begins to leave the stomach at 
once and is entirely ejected within an hour. A 
carbohydrate meal, in most individuals, requires 
four hours for complete ejection from the stomach. 
All normal individuals should show complete empty- 
ing in five hours. It is safe to say then, that reten- 
tion in the stomach six hours after a carbohydrate 
barium meal is definite evidence of pathologic 
change. A purely protein meal requires longer— 
seven hours, whereas a fat meal requires the longest 
period for complete ejection—nine hours. It is ob- 
vious then that in testing gastric motility with a 
carbohydrate meal that no protein or fat be ingested 
during the test, or erroneous conclusions will be 
reached. 

The first portion of the duodenum is triangular 
or “chocolate-drop” shaped and is smooth in outline. 
The second portion descends abruptly from the apex 
of the triangle for three or four inches to its most 
dependent position; this portion is not smooth like 
the first portion but assumes a feathery appearance 
similar to that seen in the small intestine. The 
horizontal portion of the third part is very short and 
the ascending portion of the third part again goes 
upward posterior to the pyloric portion of the 
stomach where it becomes the jejunum. 

Hypomotility occurs, for instance, in gen- 
eralized scleroderma where there is a peculiar atony 
of the stomach with some dilatation and lack of nor- 
mal peristalsis resulting in prolonged retention. A - 
Similar lack of peristalsis is noted in the esophagus 
and intestines. Vagotomy or any drug or pathological 
process interfering with the vagus nerve will also 
cause retention. Certain drugs used in therapy may 
produce such side effects, such as Hexamethonium 
for high blood pressure as observed by Ettman, et al.; 
simple abdominal x-ray examination may serve to 
Check upon the occurrence of such complications. 
Hypermotility occurs in association with linitis 
plastica, a condition in which carcinomatous in- 
filtration of the pyloric sphincter prevents proper 
closure of this structure. 


GASTROINTESTINAL EXAMINA TION—ORGAN- 
IC LESIONS. Examination of the gastrointestinal 
tract is directed therefore, first to the detection of 
organic defects, and second to the detection of faults 
in its normal motility. Functional lesions of the 
gastrointestinal tract cannot be detected except inso- 
far as they influence motility and tone. For this 
purpose the following procedure is carried out. A 
meal consisting of five to six ounces of barium sul- 
phate in a pint of water, (skimmed milk or butter- 
milk), is administered on an empty stomach. (Be 
sure that barium sulphate—“pure for roentgen diag- 
nosis,” is used since many otherwise innocuous sub- 
Stances given in such large doses become actually 
harmful). Examine the esophagus and stomach dur- 
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ing ingestion of the barium meal for any organic de- 
fects and for peristaltic action. 

MacMorap, et al. have pointed out the value of 
a delayed film examination of the stomach one hour 
after ingestion of a barium meal in diagnosis of 
gastric and duodenal ulcer; also a survey in small 
intestinal physiology and morphology and as a de- 
terminent of the degree of gastric emptying. Because 
of the retained gas, and reduced amount of barium in 
the relaxed stomach a degree of mucosal relief re- 
sults which is often valuable (83%) in detection of 
pathology. They advocate an one hour delayed film 
of the stomach and abdomen. 

After a five-hour interval re-examine the 
stomach and intestines; the barium mixture should 
have entirely left the stomach and progressed as far 
as the ascending portion of the colon, extending back 
into the terminal ileum. Twenty-four hours after in- 
gestion, the barium mixture should have advanced 
beyond the ileocecal valve and should fill the large 
bowel. At forty-eight hour examination most of the 
barium mixture should be expelled from the colon, 
only a small residue remaining in the cecum and 
rectum. 

The use of contrast medium in gastrointestinal 
tract lesions is well established as an acceptable and 
reliable method of examination, (Brodeur). In new 
born or very young infants, however, the advisability 
of using some water-soluble substance over an in- 
soluble--barium sulphate--water suspension is obvi- 
ous, especially in the case of obstruction from 
atresia of the bowel where, water absorption could 
leave a hard, impassible substance. 

The indications for contrast enema should in- 
Clude such reason as: 


a) mechanical versus adynamic ileus. 

b) confirmation of a suspected malrotation, 

c) Filling through a fistula in imperforate anus, 

d) suspicion of Hirschsprung’s disease, (con- 
genital megacolon), 

e) suspected reduplications, mesenteric cysts, 
Meckel’s or polypi. 


“We have used Oral Hypaque very satisfactor- 
ily in these conditions. Because it is completely 
water soluble it has all of the aqueous advantages of 
the barium suspension without attendant threats. 
There is no drying out on the mucosa. Its density is 
satisfactory and can be immediately changed by 
greater concentration in dilution. It is easily and 
completely evacuated, (Brodeur).” (For the tech- 
nique of fluoroscopy and roentgenographic examina- 
tion see Manual of Roentgenological Technique.) 


GASTRIC ULCER* (Fig. 235A, B andC). The 
organic lesions of the stomach most frequently en- 
countered are gastric ulcer and carcinoma. Gastric 
ulcer is a destructive process, producing a small 
rounded, punched-out area in the gastric mucosa 
which allows the escape of barium mixture beyond 
the natural contour thus producing a budlike projec- 
tion, known as a niche. Since a large majority of 
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gastric ulcers appear on the lesser curvature, they 
can usually be seen in profile without difficulty. 
When they occur on the anterior or posterior gastric 
wall, they may be hidden from view by the barium- 
filled stomach but manual pressure under fluoro- 
scopic observation, approximating the anterior 
gastric wall to the posterior portion, presses out the 
opaque mixture 
from between them 
and leaves only the 
small rounded niche 
filled with barium 
mixture. 

Gastric ulcers 
are so rarely en- 
countered on the 
greater curvature 
that when they do 
occur in this loca- 
tion they must be 
considered as ul- 
cerating carcinoma 
until proved other- 
wise. Occasionally, 
however, benign ulcers do occur in this location 
(Campbell). Attention has been called to the appear- 
ance of a so-called pseudo-niche on the greater 
curvature of the stomach which resembles the niche 
of true ulcer but cannot be substantiated on opera- 
tive examination. The explanation of “localized 
spasm” about an area of superficial erosion does not 
seem tenable, (Moutier). 

Much can be inferred as to the depth to which 
ulceration has occurred by the roentgen signs. 

1. Mucosal ulcers confined to the mucous mem- 
brane retain tiny flecks of barium and on fluoroscopic 
examination, ride with the peristaltic wave. 

2. Submucosal ulcers (Fig. , which extend 
deeper into the submucosal layer, are slightly larger 
and remain more or less fixed in position during 
peristalsis; they do not ride with the wave. 

3. Ulcers whic ve penetrated to involve the 
muscular coat result in persistent contraction of the 
circular muscular fibers of the stomach at this point 
(Fig. 235B). This gives rise to an incisura or inden- 
tation on the greater 
curvature opposite 
to the ulcer, result- 
ing In a “B”-shaped 
defor mity of the 
stomach. 

4. Perforating 
ulcers, which have 
perforated through 
the stomach wall to 
the peritoneal layer, 
show a small bubble 
of gas at the top of 
the perforated pouch 
(Fig. 235C). If com- 
plete rupture occurs, 
gaS may be expelled 
into the peritoneal 
cavity giving rise to 
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The more or less successful results obtained by 
these widely varying methods of treatment leads one 
to seek some factor in the treatment common to all 
methods. About the only thing common to all of these 
methods of treatment is bed rest; how could rest, 
even complete bed-rest influence the cause or healing 
of gastric ulcer? 

Every roentgenologist knows that by far the 
greatest number of gastric ulcers occur on the lesser 
curvature of large hypotonic stomachs which sag well 
down in the abdomen; gastric ulcers rarely occur in 
hypertonic stomachs. 

What is there then about the hypertonic stomach 
which protects it from ulcer formation, and what is 
there about the hypotonic stomach which renders it 
more susceptible to this condition? Could it be that 
with the sagging down of the hypotonic stomach there 
is a consequent pull on the omentum with a resulting 
ischemia of the lesser curvature of the stomach? 
This region is likewise rather poorly nourished under 
normal circumstances. The more atonic the stomach 
becomes, the more it pulls upon its omental attach- 
ment and the greater the amount of ischemia which 
results. The hypertonic stomach, on the other hand, 
is held high up by increased intra-abdominal pressure 
caused by the abdominal fat, and the blood supply to 
this portion of the stomach is not interfered with. 
This is, of course, conjecture; no one really knows 
what factors operate in the healing of ulcers. Theo- 
retically then, on the basis of ischemia of the lesser 
curvature of the stomach as the important factor in 
the etiology of gastric ulcer, anything which would re- 
lieve the ischemia of the ulcer-bearing area, and 
bring richer nourishment to the part, might be logi- 
cally considered as a rational procedure for treatment. 
Is it not possible, therefore, that rest--complete bed 
rest--may be the important factor in all of these types 
of treatment for gastric ulcer? 

The influence of bed rest as a factor in the 
treatment of gastric ulcer can be easily tested; simply 
observe by roentgenological examination the changes 
in the gastric ulcer over a period of a few weeks 
while the patient, on a regular diet, without medica- 
tion or other treatment of any sort, is maintained on 
absolute bed rest. Under this treatment most ulcers 
one centimeter or less in diameter heal within three 
weeks; ulcers larger than this may require a longer 
time, usually six to eight weeks. 

If, after a few weeks of strict bed-rest regime, 
there is no evidence of progressive healing of the 
ulcer, then it may be assumed that you may be dealing 
with something other than a benign lesion. A super- 
ficial type of carcinomatous lesion has been reported 
which spreads in the submucosal tissues and is often 
associated with ulceration. On the other hand, the 
somewhat indurated margins of an ordinary benign 
ulcer can be mistaken for malignant involvement. At 
any rate, a trial period of a few weeks to observe the 
progress of the ulcer under bed-rest will not be amiss 
and will save operative removal of manybenign ulc rs. 

What good does it do to put the patient to bed on 
his back to relieve the ischemia and cure the ulcer, 
if, by standing him on his feet again, the same condi- 
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tions which gave rise to the ulcer in the first place 
are again produced? Won't he have recurrence at 
once? What can we do to avoid recurrence? Increase 
his intra-abdominal pressure by putting fat on his 
belly wall; correct any elements of anemia by blood 
transfusions if necessary and by administration of 
blood-building diet and medication. By such general 
measures, correcting conditions which theoretically 
gave rise to the ulcer in the first place you should be 
able to fortify the patient against a recurrence. 

Incidentially in trying to institute complete bed 
rest as a therapeutic measure, some difficulty may be 
experienced in obtaining the patient’s complete coop- 
eration, he does not fully appreciate the necessity of 
such action and does not feel that he is being treated 
in any maternal way. The physician hesitates to ad- 
minister a plasebo for psychological purposes, but 
will realize the advantage in directing treatment to 
any condition which may be present which should favor 
maintainence retention of the healthy state once the 
ulcer has healed, such as, high hemoglobin, increase 
in weight favoring fat deposit on the belly wall to 
counteract ptotic state, etc. Such treatment is directed 
toward correction of illness and is very worthwhile. 

Little concern should be experienced for the two 
or three weeks’ time utilized in carrying out the 
treatment of the patient in this manner, especially if 
roentgen examination indicates the benign character 
of the lesion; nor should the fear of benign ulcer 
undergoing malignant change deter such conservative 
action; this must certainly be a very rare occurrence. 
Many patients having large untreated ulcers observed 
off and on for years show no manifestations of malig- 
nant development. 

On the basis of animal experimentation and 
clinical observations, Dragstedt, on the other hand 
presents the concept that peptic ulcers are usually 
due to an abnormal increase in the corrosive and di- 
gestive properties of the gastric content as a result 
of hypersecretion of gastric juice. Furthermore, 
that duodenal ulcers are usually due to a hypersecre- 
tion of gastric juice of nervous origin and gastric 
ulcers are usually due to hypersecretion of humoral 
or humoral origin. 

That other factors may operate to influence the 
formation of gastric ulcer must also be considered. 
The development of large gastric ulcers under the in- 
fluence of cortisone therapy for arthritis has been 
noted by VICKERS, and its healing and disappearance 
on discontinuance of cortisone therapy is indication 
that elements in the blood stream may influence ulcer 
development. Hayman and Steigmann likewise have 
encountered formation of gastric ulcers as complica- 
tions of steroid therapy for rheumatoid arthritis and 
lupus erythematosis. Many A.C.T.H. and cortisone 
induced ulcers are unusually large resembling the 
acute ulcers of alarm reactions, anoxia, burns and 
other acute stress phenomena. 


Conditions Influencing the Benign or Malignant 
Character of Gastric Ulcers (Kirklin) 


An ulcer may be considered as probably benign 
when: 
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1. The duration of the symptoms are 10 years or 
more. 

2. The patient’s age is 30 years or less. 

$8. There is a free hydrochloric acid determination of 
40 or more. 

4. At roentgenological examination the ulceration 
goes through the wall. 

5. The lesion is found at roentgenographic examina- 
tion on the lesser curvature. 

6. The crater of the ulcer measures 2 cm. or less. 

7. The stomach is of the B type. 

8. The biological test shows reduction of size of the 
crater under medical treatment. 


An ulcer may be considered as probably malig- 
nant when: 


1. Symptoms are of recent onset. 

2. In an elderly individual. 

3. There is an achylia. 

4. At roentgen examination, the ulcer is irregular in 
outline, especially if it shows a meniscus sign. 

5. The lesion is located in prepyloric region, pos- 
terior wall or greater curvature. 

6. The crater is 2.5 cm. or more in size. 

7. The biological test shows no healing of the ulcer 
under proper medical regime. 


It must not be assumed then that all or even a 
majority of gastric ulcers occurring in the older age 
group are malignant. Klein and Bradley found that 
the average age of occurrence of ulcer in this group 
was 55.3 years of age. In the group studies all of 
these were benign. 

Preservation of the normal mucosal fold pat- 
tern in the stomach and in the vicinity of the ulcer 
is further evidence of benignicity. Sometimes the 
mucosal folds appear to converge at the site of the 
benign ulcer. Extreme large size of an ulcer should 
make the examiner suspicious of malignancy, but 
very large benign ulcers have also been observed. 
Elliott, et al., by careful statistical examination of 
191 proved ulcer cases, have concluded that in deter- 
mining the benign or malignant character of an ulcer, 
“the size or location of the ulcer was of no diagnos- 
tic significance”. Rarely more than one ulcer may 
be present at the same fime; yet Katz and Bieren- 
baum have reported that in from 2 to 12 per cent of 
cases, ulceration of the stomach shows multiple in- 
volvement. They have reported a case where there 
were 4 simultaneous gastric ulcers. 

It would seem then that the treatment of gastric 
ulcer is largely medical. There are, however, three 
conditions under which surgical intervention is es- 
sential. These conditions are: 


- Uncontrollable hemorrhage. 

- Pyloric obstruction. 

. Perforation. 

. If there is any suggestion the lesion is 
neoplastic. 


GASTRIC CARCINOMA? (Fig. 263A and B). In 
carcinoma of the stomach we have the reverse 
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process, i.e., an overgrowth of tumor springing from 
the mucosa and extending out into the lumen of the 
stomach, taking up part of the available space. This 
does not permit complete filling-out of the stomach, 
the portion occupied by the new growth giving rise to 
a “filling defect.” Such tumors are ragged and ir- 
regular, frequently extending completely around the 
stomach to the lesser curvature; if they do this they 
give rise to an “X”-shaped deformity. Subsequent 
growth may completely occlude the pyloric orifice. 
They may occur at any location in the stomach. If on 
palpation a definite mass can be felt which corre- 
sponds to such a defect, then 95 times out of 100 
(Carman), the diagnosis can be established as car- 
cinoma. They frequently undergo destruction in the 
center of the growth giving rise to large indurated 
ulcerations. Pressure of the hand causes the barium- 
filled crater to remain while the indurated border 
describes a crescentic shape within the lumen of the 
stomach (Fig. 236B)—known as Carman’s Meniscus 
sign, this is always indication of malignancy. Benign 
gastric ulcers, on the other hand, are sharply out- 
lined and punched-out in appearance; they do not 
ordinarily have indurated borders nor do they infil- 
trate and obliterate the surrounding rugal markings. 
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Carcinoma of the stomach is commonly of two 
types: the polypoid, fungating type which is soft and 
bulky, growing into the lumen, and the scirrhous type 
which is hard and infiltrates the wall but does not 
ordinarily produce an isolated mass. 

Usual classification gastric carcinoma: 


1. polypoid or fungating and 
2. infiltrative, deep and superficial 
3. ulcerative, either of which may be ulcerative 


Line dividing superficial and deep infiltrative carci- 
noma is not sharp, but it can be detected roentgeno- 
graphically. 

A superficial type of carcinoma of the stomach 
has been reported (Golden, and Stout), in which the 
growth occurs in the mucosal layers and spreads 
superficially without formation of a demonstrable 
tumor mass. These areas are always small and are 
frequently associated with an ulceration. They do 
not spread to involve the stomach in anything like the 
manner in which linitis plastica does. 

Their close association with gastric ulcer again 
brings up the question of the possibility of malignant 
development in the walls of a primary benign ulcer. 
If this ever occurs it must be extremely rare. 

Carcinoma of the stomach may progress to 
enormous size before pain and other secondary 
manifestations give evidence of its presence. By the 
time the symptoms have called attention to the dis- 
ease, the local lesion has usually progressed to such 
size that it involves the surrounding organs and can- 
not be successfully removed. 

Splenic indentation of the barium-filled gastric 
fundus may resemble the filling defect of gastric 
neoplasms as demonstrated by Brown and Dobbie. 
Other methods, such as double contrast filling will 
be necessary for differentiation. Even careful roent- 
gen examination may in some cases be impossible to 
disclose the error. 

Kendig, et al. have reported a case in which ex- 
tensive stippled calcification was present throughout 
a large carcinomatous gastric cancer. 

If the growth is so situated that it interferes 
with normal function then it may give symptoms much 
earlier in the course of the disease and thereby bring 
the patient for examination while the growth is still 
small. Therein lies the challenge to the roentgenolo- 
gist to detect such lesions while they are yet small. 
Even during this stage, however, resection offers 
little hope for recovery of the patient. It is a very 
prevalent disease claiming almost three times as 
many deaths in the United States as active warfare 
and twice as many as auto accidents (Livingston and 
Pack). Photofluorographic surveys of the public have 
been proposed as a means for early detection of car- 
cinomatous lesions of the stomach in an effort to im- 
prove the results of surgical resection. Up to 40 
years of age the incidence of carcinoma of the stom- 
ach is very small; beyond that age period however it 
increases to 1 case in 900 population. The recent 
experimental work in increasing the brightness of 
the fluoroscopic image, using a Schmidt optical system 
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or other methods, has brought some encouragement 
along this line. 

Strandjorad, et al. have pointed out certain pit- 
falls in diagnosis of gastric carcinoma which at times 
seem impossible for correction; a small percentage 
of error between benign and carcinomatous lesions 
seems inevitable. He has reported a single, well 
documented case in which a roentgenographically evi- 
dent gastric ulcer on lesser curvature in pars media 
which followed by subsequent cytological examination 
showed malignancy; in a similar manner, a gastric 
ulceration in another patient in similar location which 
apparently had healed, in which cytological examina- 
tion confirmed the benign character of the lesion; in 
which, the patient subsequently died of cancer. 

Small carcinomatous lesions of the fundus near 
the cardiac orifice are among the most difficult to 
detect. Close observation of the first few swallows 
of barium mixture as it enters the stomach may dis- 
close spattering of the mixture rather than the 
smooth descent along the lesser curvature seen in 
normal individuals. Examination in both erect and 
lying positions is essential. At times a small car- 
cinomatous growth may be demonstrated by intro- 
ducing air or gas into the stomach by a stomach tube 
or drinking a bottle of soda water; the gas bubble 
surrounds the tumor making it more readily visible. 
Artificial pneumoperitoneum has been advocated as 
an adjunct to x-ray examination for the more precise 
demonstration of tumors in the region of the fundus 
(Meneghini and de Marchi). 

Kirklin and Gilbertson give the signs of car- 
cinoma of the fundus as: 

1. Distortion or partial stenosis of the lower 
portion of the esophagus with or without dilatation 
above, 

2. Abnormally retarded outflow of barium into 
the stomach, 

3. Continuous outflow of the barium instead of 
spurting. 

4. Polypoid growths project as rounded promi- 
nences and cause deviation of path of barium; less 
frequently the column of barium splits as it hits the 
tumor. 

Wohl and Shore innumerate conditions of the 
cardiac end of the stomach which might simulate 
carcinoma. 

Dworken, et al., on the basis of the following 
criteria: 

1. Benign appearance of ulcer on x-ray 

2. Presence of free acid on gastric analysis 

3. Complete relief from symptoms on treatment 

4. Complete radiologic healing of ulcer crater 
have further appraised the occurrence of ulcer clini- 
cally and have found that all but two diagnoses were 
correct, the fault lying in failure to observe complete 
healing. They conclude that: 

The findings indicate that strict medical cri- 
teria can successfully differentiate benign from ma- 
lignant lesions. 

Such lesions, however, have a very difficult sur- 
gical approach and are rarely curable. Care must be 
taken not to mistake the stellar and crescentic 
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deformity of the end of the esophagus viewed on end 
as an actual organic lesion. Attention has been called 
to the occurrence of esophagogastric varices in the 
fundus near the esophageal orifice which may cayse 
filling defect resembling new growth, (Evans and 
Delany). Some very helpful points in the diagnosis of 
lesions of the cardiac end of the stomach are dis- 
cussed by Malenchini and Roca. 

In the pars media, carcinamatous lesions are 
usually quite readily recognizable. When they in- 
volve the greater curvature they may be confused 
with the appearance produced by pressure of gas in 
the adjacent colon. 


Development of Gastric Fistulae 


The roentgenologic findings in 60 cases of gas- 
trocolic and gastrojejunal fustula would seem easy 
but in many instances the findings are complex. 

They usually are the result of perforation of a jejunal 
or gastrojejunal ulcer located at or near the site of a 
gastroenterostomy opening previously established for 
treatment. Marginal ulcer occurs in about 15% of 
gastroenterostomies and fistula eventually forms in 
14% of that number; or large malignant growths may 
be the cause. They usually occur in men. Eighteen 
cases were secondary to intra-abdominal malignant 
growths; 41 resulted from jejunal or gastrojejunal 
ulcers subsequent to duodenal ulcer; one instance 
occurred as a complication of ulcerative colitis. 

Barium enema examination has proved the 
most accurate roentgen means of diagnosis. 

Carcinomatous lesions of the pyloric region 
are more apt to interfere with normal gastric mo- 
tility, so that they may give symptomatic evidence of 
their presence while still small. This region is like- 
wise more readily examined roentgenologically. In 
this region gastric resection can be more readily 
and more effectively carried out. Surgical statistics, 
however, indicate the rather hopeless status of sur- 
gical resection for carcinoma of the stomach as a 
whole; these show only a small number of patients 
(less than 5 per cent) living five years after opera- 
tion for carcinoma of the stomach. Resection of 
pyloric carcinoma, however, when grouped alone 
shows as much as 18 per cent five-year recoveries 
in recent years (Bell). 

Scirrhus carcinoma (Fig. 237A) of the pylorus 
often presents such a small, smooth primary lesion 
that no filling defect can be visualized and the pres- 
ence of the growth must be assumed from the ob- 
struction which it produces. The gastric enlargement 
and atony which occurs with this type of growth is 
enormous. There is often complete obstruction, the 
stomach lying passively without peristalsis, showing 
large “sickle-shaped” residue. A similar appearing 
residue may result from pyloric obstruction as a re- 
sult of constricted scar from duodenal ulcer. In this 
case, however, vigorous peristalsis may be present, 
indicating the benign character of the lesion. Syrup 
of Ipecac or lavage may be used to evaluate the 
stomach from troublesome gastric residue in prep- 
aration for a more satisfactory examination. 
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Fig. 237A 


In the differentiation between benign and malig- 
nant prepyloric ulcer one must always bear in mind 
that carcinoma in this region occurs much more com- 
monly than benign ulcer, (Alexander). In any ulcer 
over 2.5 cm. in diameter, the possibility of malig- 
nancy must be considered. Ulceration, however, is 
secondary to the carcinomatous growth and there is 
usually an indurated border-meniscus sign; likewise 
the ulcer is rarely in the exact center of the in- 
durated area. Carcinoma is attended with profound 
anemia; this is sometimes so pronounced that it 
stimulates pernicious anemia. In case of doubt, all 
methods available should be put to use; gastroscopy 
is a very helpful aid and should be used. Rubin and 
Nelson have added exfoliative cytology as a very ef- 
fective method in differentiation of malignant gastric 
lesions. 

Comfort, M. W., et al., (Mayo Clinic) on study 
of 779 patients with benign and 226 malignant gastric 
lesions removed surgically during 1940-55 patients 
whose lesions were considered roentgenologically 
benign but proved to be malignant at operation, 33 
(60%) were living and well five years later. These 
amazing statistics would seem to be based entirely 
upon the judgment of the pathologist in his estimation 
of benign or malignant nature of the microscopic 
study which has not been verified from other source. 

Sherman, et al. have carried out an extensive 
study on prepyloric narrowing to obtain view as to 
best method of handling. 

The results of this study of 23 histologically 
proved and roentgenologically similar prepyloric 
narrowings, 17 benign and 6 malignant, indicate that 
there is a definite inherent limitation in the roentgen 
diagnosis of lesions of this type. 

Experienced radiologists when test with some 
of this material offered diagnoses that were largely 
incorrect and not based upon factual knowledge. 

The only roentgen appearance of possible diag- 
nostic significance was the faint, double edge or mar- 
gin found in two of the 6 cancer cases. 

These prepyloric narrowings constitute one 
type of gastric lesion for which cytologic help would 
be especially valuable. 
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When the surgeon described the stomach as 
normal and when only scarring was present, the final 
pathologic diagnosis was always benign. When some 
degree of thickening or a mass was noted, the final 
diagnosis was likely to be cancer as not. 

Present day surgical diagnosis entails gastro- 
tomy, inspection, and full thickness biopsy in all 
cases that do not present typical induration or mass. 

Perhaps all of these patients showing achlor- 
hydria should be resected. 

A better correlation between the roentgenologic 
and pathologic findings in the lesions being discussed 
is needed, but apparently the pathologic definition of 
the normal and a number of benign conditions in the 
prepyloric region is not standardized or always con- 
sistent. 

Follow-up studies are indicated to determine 
fully the eventual course of the benign prepyloric 
narrowings unassociated with gastric retention and 
decompensation that are not treated surgically. 


LINITIS PLASTICA (Fig. 237B) or “leather 
bottle stomach” is another form of involvement which 
is most frequently carcinomatous. It presents no 
actual filling defect but usually a diffuse thickening 
of the entire wall of the stomach so that 1i can be 
rolled beneath the palpating hand. The walls are so 
thick that peristaltic waves cannot occur. The pyloric 
ring is infiltrated and remains open allowing immedi- 
ate pouring out of barium mixture directly into the 
duodenum. Even cases where no malignant cells can 
be found ultimately turn out to be malignant; Ewing 
expresses the opinion that the fibrous tissue cells 
crowd out and kill the cancer cells. 

Certain cases have been observed however, in 
which fibrous tissue, not malignant infiltration, pro- 
duces the induration, similar in some respects to 
cirrhosis of the liver. Syphilis is said to be the 
cause of such fibrosis, however, we have never en- 
countered a proven case of this type. 

Linitis plastica, regardless of its etiology, isa 
fatal disease. This condition gives rise to a profound 
anemia and leads to starvation and death. The dis- 
ease is most common between forty and sixty years 
and occurs most frequently in males. The superfi- 
Cial infiltrating types of carcinoma of the stomach 
described by Golden in which the mucosal and sub- 
mucosal layers are the locations of main involve- 
ment are not of the linitis plastica type. Boeck’s 
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sarcoid rarely involves the stomach. Sirak investi- 
gating the literature has found that these cases in- 
variably have the clinical symptoms of ulcer and 
roentgen findings of linitis plastica. 


Pack has outlined suggestions for management 
of gastric cancer patients. 


INCIDENCE OF GASTRIC CANCER. “Contrary 
to our experience with other malignant tumors, can- 
cer of the stomach seems to be decreasing in the 
United States. A quarter of a century ago, 25 to 30 
per cent of all cancer deaths could be attributed to 
cancer of the stomach. At the present time, certainly 
no more than 15 per cent of cancer deaths are due to 
gastric cancer. During the same interval, cancers in 
other locations, notably the lung, colon, and rectum, 
have increased in frequency. The reason for the de- 
crease in frequency of cancer of the stomach in this 
country has not been discovered.” 


ACCURACY OF DIAGNOSIS. “It is not difficult 
to diagnose established cancers of the stomach. If 
we examine the records of all patients seen who have 
developed gastric cancer, we find that on our first 
thorough examination we are able to make a correct 
preoperative diagnosis in 96 per cent of the cases. 
We can do this with the facilities at hand—the fluoro- 
scope, serial gastrointestinal x-ray films, gastroscopy 
plus cytologic diagnosis." 


INDICATIONS FOR EXTENT OF REMOVAL. 
“More and more patients are referred with recurrent 
cancer of the stomach. These patients have had sub- 
total gastrectomies and for the recurrent cancers we 
have been doing total gastrectomies, removing the 
rest of the stomach and adjacent organs. Of course a 
more adequate operation should have been done in the 
first place.” 


END RESULTS OF TOTAL GASTRECTOMY. 
“When the end results of total gastrectomy for cancer 
are considered they must be viewed from two aspects. 
One is the rate of survial for the period of definitive 
cure. The other aspect which is cause for concern is 
the general health and digestive functions of the pa- 
tient after a total gastrectomy. Is he a gastric invalid? 
Does he continue to suffer and is it worthwhile?” 


DEFINITIVE CURE RATE. “Twenty years ago, 
a study of end results in the treatment of gastric can- 
cer showed that of every 100 patients coming to the 
hospital, 50 were hopeless at the time they applied 
and were admitted for treatment. Of the 50 remain- 
ing, only 25 had resections and the other 25 had palli- 
ative or so-called short-circuiting-operations, 
laparotomies or nothing. So, only 25 of the original 
200 patient applicants had any prospect of cure what- 
soever, Twenty years ago, the operative mortality 
was 22 per cent. A residue of only 17 or 18 patients 
of the original 100 left the hospitals alive and apparent- 
ly free of cancer. Two-thirds of them were dead at 
the end of three years and three-fourths at the end of 
five years. At the end of five years, therefore, only 
2 to 6 out of 100 were living.” 
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MALIGNANT LYMPHOMATA 


HODGKIN’S DISEASE OF THE STOMACH. 
Hodgkin’s involvement of the stomach is essentially 
of three types (Jungmann): 

1) Ulcerative type with multiple flat ulcers 

2) Tumorlike type involving the prepyloric re- 

gion producing a filling defect with narrow- 
ing of the gastric lumen and five hour gas- 
tric retention 

3) A type in which the entire stomach is in- 

volved like polyposis of the stomach. 
Primary lymphosarcoma involves the wall of the 
stomach in a thick, bulky filling defect—much the 
Same as Hodgkin’s or even carcinoma. It may cause 
smooth infiltration of the stomach wall with little if 
any detectable filling defect. It is said to represent 
1 to 2% of malignant tumors of the stomach (Jenkin- 
son, et al.). 

Lymphosarcoma of the stomach may have the 
appearance of carcinoma. Irregularity, enlargement, 
and stiffening of the gastric folds are also signs of 
the lymphomatous involvement of the stomach, either 
localized or generalized. A bizarre mucosal pattern 
should make the examiner suspicious of neoplastic 
involvement. Since gastritis can also give very simi- 
lar findings, a differentiation is often extremely dif- 
ficult to make. Valuable aid can be obtained many 
times from the gastroscopist. Exploration and mi- 
croscopic examination of the stomach biopsies are 
needed on occasion for accurate diagnosis. Wang and 
Petersen, after a study of 165 cases of malignant 
lymphoma have concluded that these tumors mimic 
so many other benign and malignant lesions of the 
gastrointestinal tract that they seldom can be diag- 
nosed without biopsy. 


SYPHILIS OF THE STOMACH. Syphilis of the 
stomach is an extremely rare disease. It occurs as 
a manifestation of the tertiary stage of the disease 
(gumma) and produces an infiltrative type of lesion 
similar in appearance to carcinoma. This gives rise 
to a visible filling defect on fluoroscopic examination 
but frequently no mass can be detected on palpation: 
this has been spoken of as the most characteristic | 
finding. Then again, the lack of physical weakness, 
anemia, etc., which would be expected with carcinom- 
atous involvement of this extent aids in establishing 
the diagnosis. The disappearance of the lesion after 
anti-luetic treatment is confirmatory but not conclu- 
sive evidence of its luetic nature. 

Tabetic crises are of different origin and are 
not associated with any demonstrable type of organic 
pathology of the stomach. 

Mendl, et al. have reported the roentgen find- 
ings in a case of congenital syphilis. They consider 
that a positive Wasserman reaction is not sufficient 
to establish the diagnosis of the gastric lesion. Iso- 
lation or identification of the Spirochaete pallida is 
essential. 


PYLORIC MUSCLE HYPERTROPRY. (Fig. 238A) 
In infants this is termed congenital hypertrophic 
pyloric stenosis. Symptoms begin early, usually at 
about three weeks of age. It is characterized clinical - 
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ly by vomiting, (often of the projectile type); hyper- 
peristalsis with visible peristaltic waves progressing 
from left to right across the upper abdomen, marked 
loss of weight from lack of retained food, constipa- 
tion from the same cause, and often a palpable mass 
representing the hypertrophied pyloric muscle. A 
detailed study of the anatomical structure reveals 
the complicated muscular arrangement of the pyloric 
canal, (Thorgersen). In typical cases, the diagnosis 
can be made without radiological examination. The 
dehydration and fluid imbalance should be attended to 
before x-ray examination is begun. 

Roentgenologically, the stomach is large and 
atonic, it may lie dormant or there may be showers 
of peristaltic waves which fade out at the pylorus 
without forcing any appreciable amount of stomach 
contents through the pylorus. A small threadlike 
channel of barium may be forced through the pylorus 
and the rounded impression of the hypertrophie 
pyloric muscle may leave its imprint on the adjacent 
stomach. A tumor mass produced by the hyper- 
trophic pyloric muscle can often be palpated. Ex- 
amination made at hourly intervals will fail to show 
any great amount of gastric emptying for three or 
four hours. 

Many of these signs are not always present how- 
ever; greatest reliance must be placed upon the 
threadlike shadow produced by the bariumas it passes 
through the pyloric sphincter. In very young infants, 
within the first four weeks, too much reliance must 
not be placed upon prolonged gastric retention even 
up to six hours. 

Likewise, in a small percentage of new born in- 
fants a similar lack of nervous coordination may ef- 
fect the cardiac orifice and stomach contents may 
merely run back up into the esophagus on assuming 
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the horizontal position and yet this may give rise to 
similar symptoms of regurgitation. 

That spasm must be in some way associated 
with pyloric hypertrophy is indicated by the fact that 
atropine aids in relieving this condition. 

Plastic operative procedure on the pylorus 
usually relieves the condition. 

In adults hypertrophy of the pyloric muscle 
occurs much less frequently, and yet there are cases 
in which there are no other findings to explain the 
gastric distress and discomfort which the patient 
experiences. The roentgen findings which seem to be 
most constant in these cases are elongation of pre- 
pyloric area with “ crescentic indentation of the bulbar 
base” (Kirklin), from pressure of the hypertrophic 
pyloric muscle. 


BENIGN TUMORS OF THE STOMACH. Benign 
tumors of the stomach are relatively rare, compris- 
ing probably less than 5%. 

Roberts, quoting Moore, Schindler, and Buck- 
stein gives the roentgen signs of benignancy as fol- 
lows: 

1. The tumour has a smooth round appearance. 

2. Junction of tumour and gastric wall is clear- 
cut and the angles at the edge of the growth 
are acute. 

The most superficial part of the tumour often 
shows a simple ulcer crater. 

4. If the tumour is considerable mobility may 

be noted on the screen. 

5. The surrounding mucosa is intact. 

To these we would add: 

6. On fluoroscopic examination, benign tumors 
are asa rule more readily pressed out on 
palpation since they are usually thinner and 
softer in consistency. In fact, they are some- 
times so readily obliterated by slight pres- 
sure that they may readily escape detection. 

Tumors of this type are chiefly some form of 
myoma, fibroma, lipoma, adenoma and occasionally 
angioma or neurogenic tumor. They lack the infiltra- 
tive border of malignant disease. They are inter- 
mural and often do not disturb the mucosal folds. A 
solitary large lipoma involving the pyloric portion of 
the stomach occupying the greater curvature has 
been recorded by Rogers and Adams. They may 
spread out between the layers below the mucosal sur- 
face and are often called “iceberg tumors” because 
only one-tenth of the tumor shows above the surface. 

Extraluminal growths of this sort produce a 
rather clear margin similar somewhat to that of 
foreign material in the stomach. Leiomyoma (smooth 
muscle), Schwannoma (nerve sheath) tumors and 
aberrant pancreatic deposits may produce rounded 
filling defects; there may be associated central ulcer- 
ation producing a doughnut-like appearance, (Evans 
and Weintraub; Littner and Kirsch). Such benign tu- 
mors may remain intact, but if they do ulcerate this 
is an indication that they may be undergoing malignant 
change. They are extramucosal tumors arising from 
the underlying muscular layer frequently with over- 
lying degenerative ulcerative changes. There may 
be calcium deposits in the tumor, Davis and Adams 
have reported nine cases, 
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There is no single radiographic appearance. If 
removed the outlook for leiomyoma is favorable; for 
lieomyocarcoma is more favorable than adenosar- 
coma. Neurofibromas have been reported in the 
stomach in neurofibromatosis, (Von Recklinghausen’'s 
Disease) in association with multiple neurofibroma- 
tous nodules all over the body, (Gillespie). Primary 
amyloid tumors have been reported in the stomach. 
They produce a picture very similar to carcinoma, 
have areas of ulceration and are prone to massive 
hemorrhage, (Cooley; Klingenberg). 

A glomus tumor 3.5 cm. in size on greater cur- 
vature in the region of the pyloric antrum of stomach 
produced a rounded clear filling defect which could 
not be differentiated from other benign growths. “A 
glomus body is composed of two elements, an artereo- 
venous anastomosis and epitheloid cells that are mor- 
phologically and by tissue culture the counterpart of 
the contractile cell of the capillary. It is considered 
part of the heat-regulating mechanism of the body and 
may have some part in regulation of blood pressure. 
The glomus tumor is the overgrowth of this structure. 
The term ‘glomus angioma’ better suggests the dual 
elements of the tumor.” This is the 9th case reported. 

Lack of tonicity (atonicity) of stomach and loss 
of mucosal pattern of small bowel is typical of amy- 
loidosis. 

Commonest signs are gastrointestinal hemorr- 
hage (mucosal and submucosal ulceration) abdominal 
pain and vomiting secondary to pyloric obstruction. 
Complete pyloric obstruction with filling defect 
strongly suggestive of malignant disease. 

Flannery and Caster have pointed out certain 
diagnostic criteria of hemangioma of the stomach; 
the tumor feels like a “mass of worms” and may dis- 
close the presence of phleboliths. 

Sarcoidosis of the gastrointestinal tract is 
very rare, but it may affect almost any part. Eso- 
phageal involvement in the only case reported 
(Kerley, 1950) takes on the form of a stricture. 

When it involves the stomach it may take on 
the appearance of a granuloma but the definite di- 
agnosis can only be made by biopsy. Roentgeno- 
logically it may show narrowing of the stomach, or 
may take on other appearance as of a carcinoma- 
tous mass or may not show roentgen evidence at all. 

In the small intestine it may be indistinguish- 
able from regional ileitis. The colon is very rarely 
if ever involved, (Allen, et al.). 


IDIOPATHIC MULTIPLE HEMORRHAGE SAR- 
COMA, (KAPOSI’S DISEASE). This is, as its name 
implies, a condition of unknown origin in which mul- 
tiple spontaneous hemorrhagic sarcomatous lesions 
arise, especially in the skin of the extremities al- 
though there are usual associated visceral lesions. 
The most frequent occurrence is in the gastrointes- 
tinal tract where it may develop without associated 
skin lesions. It occurs most frequently in Italians 
and in Russian or Polish Jews. 

Roentgenologically the lesions of Kaposi's dis- 
ease appear as multiple centimeter-sized tumors in 
the mucosa and submucosa which are readily shown 
by pressure with apparently healthy tissues between 
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involved areas. Hemorrhage is a common accom- 
panying symptom which may direct attention to the 
condition, (Grove). 


GIANT GASTRIC RUGAE (Fig. 239A). Some- 
times the rugae of the stomach becomes so enor- 
mously enlarged that they actually simulate gastric 
carcinoma. Only by careful fluoroscopic examination 
tracing the rugal folds is this mistake avoided. When 
this condition occurs it usually involves the entire 
stomach. The differentiation of the benign, large and 
distorted folds from carcinoma or lymphoma is often 
so difficult that surgery is necessary to exclude ma- 
lignancy, and even then with the aid of frozen section 
tissue diagnosis errors are made. 


REDUNDANT GASTRIC MUCOSA. Very rarely 
the gastric mucosa may become loose and redundant 
hanging in folds and even at times projecting through 
the pylorus, simulating tumor of the duodenum. 
Small polypoid growths of the pylorus having a simi- 
lar appearance may likewise project through into the 
duodenal cap producing rounded defects. (Fig. 239B). 
It may be impossible to differentiate. Redundant 
gastric mucosa, however, is softer in texture usually 
producing a less clearly defined margin; it is usually 
a mushroom or umbrella-shaped defect near the 
pyloric orifice with lobulation due to antral folds. 

An elaborate investigation by Rappaport, et al, would 
indicate that it has no specific symptomatology and 
is found in association with a wide variety of other 
conditions. It usually was found in overweight indi- 
viduals who indulged in excessive rapid eating. All 
other conditions must be ruled out before this is con- 
sidered as a primary cause of gastric difficulty (New). 


GASTRIC POLYP (Fig. 239B). 
Small polypoid growths occur most 
frequently in the pyloric region. If 
they are sufficiently close to the 
pyloric ring they may protrude 
through the pylorus into the duo- 
denal bulb. Roentgenographically 
they may appear as smooth rounded 
filling defects alternately protruding 
through the pylorus into the bulb and 
retracting into the prepyloric region 
of the stomach. If the pedicle is 





thick and the bulb is large and well filled, the polyp 
may be overshadowed in the bulb but may be suspected 
from the elongated appearance of the gastric mucosal 
folds as they project through the pylorus. Review of 
the literature by Richards would indicate that these 
are primarily benign growths. They may be formed 
from many various tissues; a complete classification 
has been developed. 

Such polyps may be the source of prolonged 
bleeding eventually even simulating the clinical pic- 
ture of pernicious anemia, (Rigler, et al.). Gall 
stones which have ulcerated through the gall bladder 
and become impacted in the duodenum or pyloric end 
of the stomach may produce a similar appearance, 
(deFeo and Meigher). 


GASTRIC GRANULOMA. First recognized by 
Vanek, this condition was described as a “gastric 
submucosal granuloma with eosinophilic infiltration.” 

Recognized roentgenologically the lesion pre- 
sents itself as a fairly well circumscirbed elevated 
lobular mass, several centimeters in size. Histo- 
logically it consists of loose fibrous tissue with a 
cellular infiltrate that is dominated by eosinophils, 
(Rigler, et al.). Smith has described similar lesions 
with illustration of relationship of granulomatous 
mass to the gastric rugae and microscopic sections 
showing the marked vascularity of the lesion. 


MULTIPLE POLYPOSIS (Fig. 240). Under cer- 
tain conditions the gastric mucosa may give rise to 
multiple polypi. These are soft pedunculated struc- 
tures projecting into and partially filling the stomach. 
Roentgenologically they produce a mottled appearance 
of the stomach especially near the pyloric end where 
the stomach becomes narrower. Under fluroscopic 
examination pressure with the hand discloses even 
more clearly the mottled appearance characteristic 
of this condition. If the distribution is not too ex- 
tensive operative resection may be carried out. The 
appearance produced by hypertrophied gastric rugae 
and redundancy of the mucosa may be so similar 
that differentiation is very difficult from this condi- 
tion. 


GASTRITIS. Gastritis may be 1) hypertrophic, 
2) atrophic, 3) ulcerative or corrosive, 4) phleg- 
monous or 5) emphysematous. 


Hypertrophic and atrophic gastritis are not often 
accurately osed roentgenographically. Mere 
hypertrophy or atrophy of gastric rugae is not a cri- 
terion of the condition of the mucosa. Gastroscopy 
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Fig. 240 


offers a means by which the mucosa can be directly 
visualized, and should be made on the gastroscopic 
findings, not the roentgenographic. Large, irregular 
folds of the stomach which are not as pliable as nor- 
mal suggest gastritis. Lymphomatous involvement 
of the stomach simulates these findings; the stomach 
with a bizarre mucosal pattern should be viewed with 
suspicion. Much reliance rests on gastroscopy and 
the clinical pattern. 

The ulcerative erosive form, with superficial 
mucosal ulcerations can occasionally be demon- 
strated roentgenographically by mucosal relief. 

This is frequently caused by chronic alcoholism and 
may be attended by massive gastric hemorrhage 
(Walk). 

The findings in corrosive gastritis has been 
described by Nevin, et al. 

The initial effect of the caustic substance upon 
the gastric mucosa is that of swelling of the mucosal 
surface, manifested by enlargement of the mucosal 
folds roentgenologically. Then, depending upon the 
nature and the strength of the caustic agent, inflam- 
matory reaction sets in, followed by necrosis of the 
affected mucosal or submucosal layers. Thrombosis 
of adjacent vessels has been described. Subsequent 
action of the gastric acid upon the denuded gastric 
surface gradually leads to a chronic inflammatory 
process, ending in severe scarring or stenosis. This 
latter complication often develops even after institu- 
tion of medical management and finally necessitates 
surgical intervention. 

The British literature contains reports of 5 
cases in which fibrous stricture of the pylorus and 
stomach occurred as a late manifestation of iron 
poisoning. [lness following ingestion of Feosol 
tablets results in child becoming semicomatose. 
X-ray examination showed paralytic ileus. Bright 
red blood was aspirated from stomach at first—later 
tests of stool were negative. By the 9th day, gastro- 
intestinal tract was functioning well and she was dis- 
charged. Ten weeks later patient was rehospitalized 
because of vomiting. Roentgen gastro-intestinal 
tract showed marked hour-glass contraction of 
stomach in its mid portion. Most of patients did well 
after surgical resection of cicatrix. Coating of the 
tablet protects the esophagus during swallowing. 


Phlegmonous Gastritis from low grade sub- 
mucosal pyogenic infection of the stomach wall may 
result in enormous thickening of the tissues resem- 
bling a carcinomatous mass. It is usually attendant 
with excessive alcoholic consumption and rupture of 
the gastric wall may occur with air free in the abdo- 
men (Miller and Nushan). Antibiotics may have some 
influence on the condition. 

Lumsden has reported a case in which the 
gastric wall was found at x-ray examination to have 
gas bubbles outlining its wall. This was discovered 
in an 83-year-old man. At autopsy the cause was 
ascertained as Bacillus Welchii infection. There 
was no history of gastroscopy or other indication of 
trauma. He points out two other causes of gas oc- 
curring in the gastric wall; cystic pneumatosis (or 
gas cysts of the stomach wall) which may be solitary 
or multiple of varying size, as large as 10 cm., either 
on the mesenteric or antimesenteric side. Unless 
these cysts cause obstruction they may be symptom- 
less. They are often associated with gastric or 
duodenal ulcer. Interstitial gastric emphysema in 
which trauma seemed to play a part such as gastro- 
scopic examination or tearing of an old ulcer site. 


Emphysematous Gastritis is due to a phlegmon- 
ous inflammation of the stomach caused by gas- 
forming organisms, The condition has been reported 
(Weens) following drinking concentrated hydro- 
chloric acid in a suicidal attempt. Roentgenologically 
the gastric wall filled with air bubbles is easily 
demonstrated by barium sulphate mixture within 
the stomach as a radiolucent zone. An instance has 
been reported in an infant caused by gastric infection 
with gas-forming organisms (Henry). This may be 
somewhat akin to cystitis emphysematosa, a condition 
occurring in diabetic patients where the bladder wall 
is filled with air bubbles. It has likewise resulted 
following prickling of the mucosa with a needle during 
surgical operation. 


POST -IRRADIATION GASTRITIS. Post-irradia- 
tion gastritis is not a disease entity but rather a re- 
action of the gastric mucosa to excessive exposure of 
the gastric mucosa to radiation therapy. Gastro- 
scopic examination reveals the blanching effect with 
superficial ulcerations seen elsewhere on mucous 
membranes. There is no roentgen appearance which 
is characteristic nor can its extent or severity be ad- 
judged by this method. The flat superficial ulcerations 
likewise cannot be visualized. 


TUBERCULOSIS OF THE STOMACH. Tubercu- 
losis of the stomach is very rare. Unless it is asso- 
ciated with extensive tuberculous lesions elsewhere in 
the body it is hazardous to make the diagnosis. It may 
take the form of a smooth niche on the lessercurvature 
of the stomach producing exactly similar roentgensigns 
as benign gastric ulcer. The most significant roentgen 
findings are simultaneous involvement of stomach and 
duodenum, presence of fistulae and sinuses, and signs 
of external pressure by enlarged lymph nodes. Micro- 
scopic examination is necessary for final diagnosis, 
(Ostrum and Serber). 
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HEMORRHAGE; DIAPOEDETIC. Massive hem- 
orrhages from the gastro-intestinal tract are most 
frequently associated with ulcer or cancer. Smith, 
Good and Gray reported that 95% of cases with melena 
or hemorrhage of non colonic origin were found in the 
upper gastro-intestinal tract (duodenum or above). 


MASSIVE HEMORRHAGE, Massive hemor- 
rhage from the upper gastrointestinal tract is most 
often due to bleeding peptic ulcer of the duodenum or 
stomach, Gastric carcinoma is an uncommon source 
of heavy, fast bleeding. Benign tumors of the stom- 
ach have a high incidence of associated hemorrhage, 
but their occurrence is so low in general, that these 
lesions are not an important source of bleeding. 

Massive hemorrhage from the stomach not in- 
frequently is encountered without demonstrable or- 
ganic lesion roentgenologically. Even at autopsy, for 
these hemorrhages without a demonstrated ulcer or 
tumor can be fatal too, the source of blood loss is not 
revealed, Gastric hemorrhage may be due to gas- 
tritis, and many appear to be related to excessive 
acute and chronic ingestion of alcohol in one of its 
many forms. Such hemorrhages are of diapedetic 
type with blood oozing from the mucosa, 

It is felt that a diagnosis should be made in the 
bleeding patient as soon as possible, This opinion 
presupposes that surgery has much to offer the 
acutely, massively bleeding patient. For the internist 
to know that an operable lesion is present, for ex- 
ample an ulcer of the duodenum, is important, Or it 
is important to know that the definite source of bleed- 
ing cannot be demonstrated, causing nonoperative 
treatment to be considered more strongly. (Eso- 
phageal varices are to be considered in every case 
of upper alimentary tract bleeding. See page 361.) 


A modified gastrointestinal examination is 
utilized for the bleeding patient, (Hampton), Since 
many of these patients are in precarious condition 
secondary to the blood loss, the patient remains re- 
cumbent, The esophagus is first examined for 
varices, tumors and hiatus hernia with thin barium 
in small amount, Attention is then turned to the 
Stomach, By turning the patient on his right side 
and then back again, barium is made to coat the 
stomach wall and enter the duodenal bulb. This 
maneuver is repeated as needed with multiple films 
being obtained. A double contrast effect from the 
stomach gas bubble rising into the antral region and 
bulb is desired, this being facilitated by turning the 
patient to the left, making these structures upper- 
most. The entire examination is carried out without 
palpation of the abdomen, and with the least disturb- 
ance to the patient. After a sufficient number of 
films have been made of the air-barium contrast ef- 
fect, the esophagus can be re-examined with thick 
barium. The patient is then placed in the prone posi- 
tion, and additional films made, 

For the detection of the source of small, in- 
sidious hemorrhages from the gastrointestinal tract, 
Henry has proposed an ingenious modification of the 
gastrointestinal examination, Veriopake (ordinarily 
used for gall bladder examination) 6 ounces mixed 
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with 2 or 3 teaspoonsful of hydrogen peroxide is ad- 
ministered by mouth as a medium for gastrointestinal 
examination. In the presence of blood the peroxide 
liberates gas bubbles which may be readily visualized 
on x-ray examination, disclosing the bleeding point. 
A serious drawback is the fact that sometimes ina 
normal individual bubbles form within the small in- 
testine, so that the method has been restricted by its 
originator to those cases of insidious bleeding (tarry 
stools) where the source of the bleeding cannot other- 
wise be found. 

Analysis of 200 cases of massive hemorrhage 
from the upper gastrointestinal tract (Zimmerman, 
et al.) indicated that: 123 were from duodenal ulcer 
of which 3 died; only one due to hemorrhage or 0.8%; 
22 were gastric, 3 deaths or 13.6%. Analysis of the 
rest would indicate that medical therapy gave least 
mortality. 


FOREIGN BODIES IN THE STOMACH, (Bezoar). 
Foreign bodies are frequently swallowed, passing into 
the stomach. If they are composed of some opaque 
substance they can be readily visualized at ordinary 
roentgen examination; if not of radiopaque material 
they may be visualized by administration of a small 
amount of barium sulphate mixture. Ordinarily any 
foreign body which will pass the cardiac orifice of the 
stomach, will pass through the pylorus also; occa- 
sionally, however, one sees foreign bodies which may 
remain for a long time in the stomach. In one instance 
a pearl button from a lady's coat about one inch in 
diameter remained in the stomach of a four-year-old 
child for over three months before it was spontaneously 
passed; since there were no distressing symptoms it 
was thought best to refrain from any operative pro- 
cedure, depending upon time to increase the size of 
the stomach to the point where the pyloric opening 
would be large enough to pass the foreign body. Sharp 
pointed foreign bodies are dangerous only insofar as 
they may cause perforation of the stomach or intestin- 
al walls. In over twenty years’ observation the 
writer has seen but one instance in which this oc- 
curred after the foreign body had reached the stomach. 
In one instance, a tie pin three inches in length re- 
mained in the stomach eight days before it passed the 
pyloric orifice; it could be observed fluoroscopically, 
presenting first the blunt end and then the sharp end 
to the pylorus, but it finally passed without injury to 
the patient. A fever thermometer was seen to remain 
in the loop of the duodenum for eight days before 
passing. Insane individuals often have a mania for 
swallowing foreign objects. Sometimes these remain 
for a long time in stomach; in one such instance which 
we have observed, 856 metallic foreign bodies found 
in the stomach were later removed surgically. If 
there is any doubt about the lodgment of a foreign 
body in the stomach it may be localized to this loca- 
tion by administration of a carbonated drink, (Roberts). 
Brizzola has reported a method for the successful re- 
moval of metallic foreign bodies suchas bobby pin, too 
long to pass the curve of the duodenum, by introduc- 


tion of a Alnico-V magnet into the stomach, 
Brown and Davis have pointed out the similarity 
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changes there is no stricture of the esophagus. Be- 
sides, the esophagus is not shortened as often as in 
sliding hernia with esophageal changes. In some 
cases it was demonstrated at radiography that the 
cardia can move up and down through the hiatus. 

Some authors have previously described a dis- 
ease in infants which they termed “cardio-esophageal 
relaxation.” Considering the finding at radiography 
and at operation in patients with sliding hernia with- 
out esophageal changes, it is probable that this dis- 
ease has been hiatus hernia. 

The cause of paraesophageal! hiatus hernia is 
presumably congenital persistence of the right 
pneumato-enteric recess. Sliding hernia is probably 
acquired, in the sense of the word that it is caused by 
insufficient fixation of the cardial region of the stom- 
ach at birth, and owing to the change in pressure in 
the thorax and in the abdomen the cardia can slide up 
into the thorax. 

in sliding hernia the closing mechanism of the 
cardia is incompetent; the stomach contents may 
therefore under certain conditions regurgitate into 
the esophagus and cause esophagitis. In the course 
of time various factors have been considered of im- 
portance to the normal closing mechanism of the 
cardia. Among these the oblique opening of the 
esophagus into the stomach with the formation of the 
plica cardiae is apparently of most importance. 
Esophagitis is contributory to the occurrence of 
symptoms, and may also cause more profound 
changes in the form of peptic ulcer and fibrosis, and 
shortening. The shortening of the esophagus was 
previously considered the primary factor and the 
actual cause of the hernia. The results of operation 
in the present series show that the reverse is the 
case; the hernia is primary, the shortening secon- 
dary. 

The 58 patients were treated either on conserv- 
ative lines or surgically. The following lines of 
treatment of hiatus hernia in children can be given, 
based upon experiences from treatment in these 
cases; 

In cases of paraesophageal hiatal hernia, a 
herniotomy should be done in all cases owing to the 
complications which the hernia may give rise to. In 
sliding hernia without esophageal changes, the treat- 
ment of children under 1 to 2 years should be con- 
servative, and consists in measures reducing the re- 
gurgitation. A number of patients may recover in 
this way. In somewhat older children a herniotomy 
should be done in order to fix the hernia below the 
dia phragm and to attempt to re-establish the normal 
function of the cardia. Once esophageal changes 
have developed, conservative treatment may in some 
cases cause the patient to become almost symptom- 
less. When pronounced symptoms of stenosis have 
developed: large ulcer with a risk of perforation, or 
when esophagoscopy has revealed the presence of 
Barrett’s congenital short esophagus, herniotomy 
will seldom lead to recovery, and the stenosis will 
persist. In these cases the surgical treatment 
should consist in esophageal excision and the forma- 
tion of a high gastric anastomosis or an esophago- 
jejunostomy. 


PRINCIPLES OF ROENTGEN INTERPRETATION 


Gastric volvulus is an abnormal rotation of a 
portion of the stomach either on its coronal or its 
saggital axis. Most cases of complete volvulus of the 
stomach may be associated with a pronounced degree 
of gastroptosis combined with congenital lengthening 
of the gastrohepatic omentum and gastrocolic liga- 
ment. Rotation of the stomach may occur about three 
different axes simultaneously. 

The colon incarcerated in a hiatus hernia was 
present causing duodenal obstruction. 

Kleinfelter has pointed out that symptoms of 
dysphasia in association with hiatus hernia may be 
produced by invagination of the esophagus into the 
hernia. Roentgenologically the barium coated mu- 
cosa of the invaginated esophagus gives a “Jack-in- 
the-Pulpit” appearance which is quite characteristic. 

Hiatus hernia is demonstrated easier if the 
patient is examined with barium swallow in the re- 
cumbent or Trendelenburg (head down) position. To 
this is added a maneuver to increase the intraabdomi- 
nal pressure, such as coughing, grunting, raising of 
the legs. Marchand recommends the use of an in- 
flated football bladder for pressure upon the upper 
abdomen, Reducible hiatus hernia is frequently dif- 
ficult to demonstrate. When the hernia is incarcer- 
ated, it is simple to demonstrate by barium swallow. 
The herniated stomach may cause considerable dis- 
placement of the distal esophagus. An upright chest 
film may give the first indication of an incarcerated 
hiatus hernia. The gas bubble of gas-fluid level with- 
in the herniated stomach superimposes the heart on 
P-A view, and is posterior to the heart on lateral 
view, (Fig. 206D, p. 284, and Fig. 217, p. 313B). Whe- 
ther the hernia has a sac or not cannot be determined 
by x-ray study is not important, but it is of value to 
know whether the hernia is incarcerated or not. 

After a study of hiatus hernia in 300 patients, 
Hafter, that to avoid error certain rules must be fol- 
lowed in the examination of hiatus hernia: 


(1) the terminal esophagus and cardia should be filled 
with barium at the time of exposure which can be 
achieved by first filling the stomach with thin 
barium and then giving the patient two teas poons- 
ful of barium paste containing 1% carboxymethyl- 
cellulose, 20 and 10 seconds before exposure; 

(2) the patient should be in the horizontal position to 
slow the passage of barium and improve filling of 
the hernia; and 

(3) the film must be taken in the expiratory phase. 


To detect hiatus hernias, routine gastrointesti- 
nal studies were followed by exposures: 


(1) in the right decubitus position on the bucky table 
with filled terminal esophagus; and 

(2) with the patient lying on his stomach and with com- 
pression of the epigastrium, also on the bucky table. 


These two routine films increased the incidence 
of diagnosed hernias by 50%. 


(3) a third exposure was made in the Trendelenburg 
position. 
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They may continue to enlarge becoming true 
pulsion hernias, however, due to continued increase 
in abdominal pressure, pushing the esophagus, fundus 
of the stomach and all structures upward through the 
weakened diaphragm into the chest. The stomach may 
become completely inverted, (Marks). 

Herniation through the postero-lateral portion 
of the diaphragm, the foramen of Bochdalek, is less 
frequent than periesophageal herniation, This occurs 
most frequently on the left, but does occur on the 
right also. Numerous cases of this type have 
been observed where the entire stomach and a large 
part of the small intestine and colon have protruded 
into the pleural cavity. Even the pancreas has been 
reported herniated into the chest, (Poppel et al.). 
There may even be congenital absence of one-half of 
the diaphragm with the abdominal viscera extending 
into the chest. Such hernias are most frequently con- 
genital, although rare instances have been described 
in which “extensive crushing injuries or lacerations 
may have given rise to the condition.” Whenever 
there is doubt about the nature of any pathological 
process existing in the left lower chest, always ex- 
amine the gastro-intestinal tract to rule out diaphrag- 
matic hernia. 

In the newborn and young child, severe respir- 
atory distress may be the first indication of dia- 
phragmatic hernia, Plain film examination is often 
confusing, making barium studies necessary. 

Eventration of the diaphragm is a congenital 
thinning of one side which permits a high position of 
this leaf of the diaphragm. The diaphragm may extend 
as high as the second or third rib permitting the en- 
tire stomach, a greater portion of the small intestine 
and a portion of the colon to protrude into the chest; - 
gas-filled intestines in this location may cause medi- 
astinal displacement to the opposite side and pressure 
on the recurrent laryngeal nerve. 

Hernias through the foramen of Morgagni are 
rare, Stomach, colon or other abdominal contents 
herniate into the chest through the opening behind 
the sternum and anterior to the heart. 

Inguinal hernias have been observed where the 
major portion of the stomach was in the scrotum; 
constant drag on the esophageal end has elongated that 
structure to such a degree that herniation through the 
ring was made possible, (English). Femoral hernias 
of a similar nature have also been encountered. 

Thoracic stomach occurs in association with 
congenitally short esophagus with the stomach lying 
entirely or in part within the thorax. Under such cir- 
cumstances the stomach is small in size and the 
esophagus is attached to the highest point of the fun- 
dus of the stomach. There is evidence to indicate 
that this condition is only rarely congenital and may 
develop by traction of the longitudinal muscle fibers 
of the esophagus in association with esophageal peptic 
ulcer or esophagitis, (Fig. 243C). It may give rise 
to unusual digestive disturbances, However, it may 
not cause any abnormal symptoms and is not incom- 
patible with a long normal life. 

Volvulus of the Stomach. This is a condition in 
which the stomach undergoes wide rotation with ref- 


erence to its fixed points; either the esophageal and 
duodenal openings, (organoaxial) or rotation on the 
axis of mesenteric attachments of the stomach (mes- 
enterio-axial). Rotation of a portion of the stomach 
with a spiral twisting between involved parts causing 
the stomach to be divided into pouches constitutes the 
only pathology of the condition. The roentgen diag- 
nosis then should consist in detection of a definite 
Spiral rugal pattern of gastric mucosa with displace- 
ment of the normal structures and consequent devel- 
opment of enormous gas-dilated segments of the stom- 
ach, The condition is made possible by the existence 
of a long mesentery or omentum, Correction is sur- 
gical, Jenkinson and Bate have reviewed the subject 
and reported an interesting case, de Lorimier and 
Penn have emphasized the differentiation of kindred 
lesions and have emphasized certain management 
hazards, 


FUNCTIONAL LESIONS OF THE STOMACH 


GASTRIC SPASM (Fig. 244). Spasm of the 
stomach may be due either to intrinsic gastric or 
duodenal lesions, or to extrinsic causes. Peptic 
ulcer is the most important cause of spasmodic con- 
traction of the stomach. 





Fig. 244 


A persistent deep incisura on the greater cur- 
vature opposite a niche, from spasm of the circular 
musculature, may give a classical picture of pene- 
trating ulcer until spasm is relieved by administra- 
tion of atropine and it disappears. Or the peristaltic 
waves may become deep and persistent and the 
pyloric sphincter may remain tightly closed from re- 
flex spasm. 

The pyloro spasm associated with hypertrophy 
of the pyloric muscle seen in young infants is prob- 
ably also due to reflex causes. 

Gastric spasm occurs from extrinsic causes as 
well. A deep incisura may develop in the mid-portion 
of the stomach which may remain almost like an or- 
ganic stricture, from reflex irritation of acute in- 
flammation of the appendix or gall bladder, or from 
a duodenal ulcer. Spasmodic constriction can be 
readily differentiated from organic stricture, how- 
ever, by the administration of an antispasmodic. 
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NERVOUS INDIGESTION, “That very ‘evident 

digestive upsets can achially occur as the result oft 
“nervous” interference with normal gastric Caution, 
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GASTRIC NEUROSIS. Certain individuals de a 


ee "| velop gastric distress and digestive disorders for _ 
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Re dentanda to the a right by. paseous distention of a high 
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with the idea of removing the acid-secreting gland- 
bearing portion of the stomach. This procedure has 
met with the most clinical success; it does have the 
disadvantage of removal of a large part of an impor- 
tant organ (requiring the patient to eat smaller 
amounts at more frequent intervals). Marginal ulcer 
may develop, or the patient may experience a variety 
of unpleasant symptoms and disturbances in alimenta- 
tion. The procedure is not entirely an unmixed bless- 


Postoperative complications after partial re- 
section of the stomach have been discussed by Hajdu, 
et al. He lists these as follows and illustrates the 
roentgen pictures produced: 

Group A. Obstruction occurs as a result of small 
intestine herniating through the gap between the anas- 
tomosis and the transverse colon, either from right 
to left or from left to right. 

Group B. A long afferent loop attached to the 
lesser curvature of the gastric stump is present. Ob- 
struction results from volvulus, kinking or strangula- 
tion. 

Group C. Obstruction results from constricting 
bands, Iocal post-operative adhesions, or traction 
and misplacement of the greater omentum. This is 
the least well defined group. 


Kim and Evans have investigated stomach func- 
tion after Billroth I operation. Due to the recon- 
struction of the lesser curvature, the lesser curva- 
ture showed an irregular contour in most cases. A 
few patients showed smooth sometimes irregular 
filling defects 1 to 3 cm. in diameter, protruding one 
centimeter into the lumen. The size and configura- 
tion of the mucosal folds in the pre-anastomotic part 
of the gastric stump depends on the mechanical fac- 
tors secondary to the operative technique. Except 
for these considerations in the operative technique, 
post operative edema appeared to play a definite part 
in causing an increase in size of the folds. 

Definite “dumping” was found in 9 of 60 cases, 
had no reference to whether vagotomy was performed 
or not. Dumping occurred in 5 of 11 patients, where 
more than 75% of the stomach was resected; only in 
20% when less was resected. 


Perigastric Hematoma from Traumatic Lacera- 
tion of Spleen. Rupture of the spleen from injury may 
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be attendant with certain roentgen signs which are 
diagnostic. Such injury is frequently attendant with 
considerable maceration of this organ and slow 
oozing of blood which plasters the injured organ to 
the adjacent wall of the stomach giving rise to 
perigastric hematoma in the following roentgen signs 
which may be diagnostic (Solis-Cohen and Levine). 


Obliteration of splenic shadow. 

Gaseous dilatation of stomach. 

Serration of adjacent gastric wall (pars media 
and cardica) with increased density along 
greater curvature. 


Schwartz et al. have reviewed the finding in 
children with traumatic rupture of the spleen and 
have found that: 

Roentgenograms of 200 infants and children, 
most of whom were normal and the remainder suffer- 
ing from conditions other than splenic rupture, were 
used as controls. 

The only roentgen sign occurring with any de- 
gree of frequency in those cases with rupture of the 
spleen was exaggeration of the mucosal folds on the 
greater curvature of the stomach. This is not spe- 
cific as it also occurred in 6% of controls. 

Previously published or other roentgen findings 
were either infrequent or not valid in this age group. 


SPLENIC CALCIFICATIONS. Schwarz, et al., 
investigating a large number of spleens having cal- 
cium deposits, found that in the endemic areas they 
were most frequently due to Histoplasma Capsulatum. 
Aneurysms of the splenic artery are not uncommon. 
They are usually readily recognized by their larger 
amount of calcification in the vessel walls. They may 
attain six inches in diameter, enough to cause marked 
pressure on the adjacent stomach. Their cause is 
probably due to arteriosclerosis but trauma may play 
a part. 

Hexamethonium is a widely used drug for the con- 
trol of high blood pressure. Ettman, ét al. have 
found that its prolonged use is apt to result in un- 
toward gastrointestinal symptoms. It results in delay 
in gastric emptying from diminished peristalsis but 
in gastric secretion was only slightly altered. Con- 
stipation was most marked result, even progressing 
to a dynamic ileus. 





THE SMALL INTESTINE (Chapter XX) 


THE DUODENUM 
I. ANATOMY 
Il. ROENTGEN EXAMINATION 
A. Normal duodenum 
1. Anatomical divisions—roentgen characteristics 
Hil. PATHOLOGY 
A. Intrinsic organic lesions 
1. Duodenal ulcer 
2. Duodenitis 
3. Duodenal diverticulum 
4. Duodenal tumors— Ampulla of Vater 
9. Duodenal obstruction—atresia 
6. Megaduodenum 
B. Extrensic lesion affecting duodenum 
1. Neoplasms of the periampullar region 
2. Tumor of head of pancreas 
a. Carcinoma 
b. Cyst 
C. Other lesions from adjacent organs 
1. Aberrant pancreas 
2. Pressure defects from gall bladder and adjacent organs 
3. Periduodenal and pericholecystic adhesions 
4. Pancreatic lithiasis 
9. Acute hemorrhagic pancreatitis 
6. Gas abscess of pancreas 
7. Biliary fistula and duodenocolic fistula 
D. Functional conditions 


Spasm of duodenum 
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“Chapter xx 


SMALL INTESTINE AND APPENDIX 
THE DUODENUM 
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THE DUODENUM 


symptoms. Zatzkin, Macy and Kveton have reported 
an intraluminal diverticulum of the duodenum which 
appeared as a sac-like rounded structure which re- 
mained after the surrounding barium in the duodenum 
passed on. It was entirely within the confines of a 
segment of the duodenum and was lined with duodenal 
mucosa on its inner and outer surfaces. They may 
ulcerate showing typical niche formation within the 
diverticulum, (Whitmore). They may be the source 
of hemorrhage. Usually, however, they are inciden- 
tal findings in a gastrointestinal examination. 


DUODENAL TUMORS. Benign polyps, either 
having their origin within the enum itself or orig- 
inating in the prepyloric area of the stomach and pro- 
truding through into the duodenal bulb are most im- 
portant because of their tendency to bleed periodical- 
ly over extended periods giving rise to such grave 
anemic states as to suggest pernicious anemia (Fig. 
239B), (Rigler). Other types of benign tumors occa- 
sionally encountered are: adenoma, angioma, fibro- 
ma, leiomyoma, neuroma, carcinoida, aberrant de- 
posits of pancreatic tissue. These usually take on a 
small rounded form with smooth edges. Davis et al. 
have reported a case of lymphangioma of the duo- 
denum which did not produce any characteristic le- 
sion. The findings were those of a submucosal intra- 
mural tumor with overlying intact mucosa. A large 
rounded defect on duodenal bulb resembles a polyp, 
proved to be a solitary Brunner’s gland adenoma. 

Unless a diverticulum is sought for it can eas- 
ily be missed. Its presence is not readily apparent 
even after obtaining adequate visualization of the en- 
tire duodenum; the sac is often buried in the pan- 
creas or lies parallel against wall of duodenum. The 
source of hemorrhage can thus escape detection. 

Melamed and Pantone have reported a case of 
hematoma of the duodenum following abdominal 
trauma. The diagnosis was made on the basis of an 
intramural “tumor” of the bowel which spontaneously 
disappeared within the next few weeks. 


Malignant lesions of the first portion of the 
duodenum are so rare that they can almost be dis- 
carded as a clinical entity. In the distal portion of 
the duodenum they are less uncommon (Mendl and 
Tanner). Such carcinomatous growths occurring in 
this region usually arise from the ampulla of Vater. 

Lymphangioma of the duodenum is rare; only 
10 cases have been described in the English litera- 
ture. It can be suspected when the prepyloric struc- 
tures are voluminous and thickened (Davis et al.). 


BRUNNER’S GLANDS. Hyperplasia of Brun- 
ner’s glands may produce roentgenologically visible 
multiple nodules in the duodenum. The nodules give 
a “cobblestone” or “Swiss cheese” appearance when 
barium is partially displaced from the bulb by pres- 
sure. The nodularity is observed mainly in the bulb 
and in the upper duodenum, a distribution corre- 
sponding to the anatomic description of the normal 
glands. The hyperplasia is thought to be related to 
hyperacidity, since the glands help neutralize gas- 
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tric acidity. Symptoms are vague and non-specific 
or similar to those of ulcer. Medical treatment is 
advised. 


NEOPLASMS OF THE PERI-AMPULLAR RE- 
GION (Brunschwig and Templeton). Most carcin- 
omatous lesions of the duodenum arise in the 
structures of the Ampulla of Vater or its immedi- 
ate vicinity. They may be polypoid and project 
into the duodenum and may attain considerable 
size causing dilatation of the duodenum at this 
site with accompanying filling defect. They may 
be small with indurated rolled margins present - 
ing only small defects or they may present the re- 
verse “3” defect, (Frostberg). 

Clinically, pain not usually of the colicky type, 
persistent jaundice and pronounced progressive loss 
of weight are the fundamental symptoms which are 
encountered in this condition. 

Resection of the entire duodenum, head of 
pancreas and pylorus is feasible. Freedman, et al. 
have reported 5 cases of primary carcinoma and 3 
cases of benign tumors of the duodenum with excel- 
lent informative comparison of the roentgen picture 
and the postoperative specimens. 

Because of the difficulty often encountered in 
evaluation of the duodenal bulb, and the frequent ac- 
cessibility of compression, Hinkel and Moller have 
perfected a technique for the barium-gas examina- 
tion of this structure, with only minor modifications 
of Hampton's technique. 

1. After the esophagus, stomach and duodenal bulb 
have been examined with barium in the usual manner 
(including pressure films of the stomach and duodenal 
bulb in the erect position), the patient is given one 
ounce of carbonated beverage and the table is brought 
to the horizontal position. This amount of beverage 
neither obliterates the mucosal pattern nor dilutes 
the barium appreciably. When there is a large gas 
bubble in the cardia the carbonated beverage is 
omitted. 

2. The patient is rolled towards his left (right an- 
terior oblique with respect to the fluoroscopic 
screen) until the gas rises into the antrum and bulb. 
Usually the bulb is seen projected through or just to 
the left of the spine. 

3. Spot films are made in rapid succession. 
Photo-timing is a great convenience, and a rotating 
anode tube under the table provides excellent detail. 

4. If the gas does not enter the bulb promptly the 
left lateral position may be utilized. 


MEGADUODENUM. Uncapher and Holder have 
presented a comprehensive outline of the etiology of 
megaduodenum: 

1. Congenital from lack of parasympathetic gan- 
glion cells in Auerbach’s plexus 

A. Intrinsic 

a. Diaphragms or valves. 
B. Extrinsic 
a. Duodenal bands or persistent cholesysto- 
duodenocolic membrane. 
b. Annular pancreas. 


387A 


c. Aberrant superior mesenteric vessel. 
d. Faulty rotation of the intestine. 
e. High fixation of the ligament of Treitz 
with acute angulation of the duodenum. 
2. Acquired 
A. Intrinsic 
a. Tumor 
b. Ulcer in second or third portion of 
duodenum or in upper jejunum. 
c. Foreign bodies 
B. Extrinsic 
a. Tumor or enlarged lymph nodes 
b. Inflammatory or postoperative adhesions 
c. Arteriomesenteric occlusion 
3. Idiopathic 


They reported a case in which there was no ap- 
parent reason for the duodenal dilatation and McClen- 
ahan mentioned the possibility suggested by Sturte- 
vant that such cases of enormous duodenal dilatation 
might be due to dissolution of the controlling nerve 
plexuses which regulate duodenal motion much the 
same as those of Auerbach and Meissner in the colon 
causing the development of megacolon; this however 
has not yet been proved, (Goin and Wilk). 


DUODENAL ATRESIA AND OBSTRUCTION. 
When there is a congenital atresia or complete 
stenosis of the duodenum, symptoms of high intesti- 
nal obstruction present in the new born period. Per- 
sistent vomiting in the first few days of life justifies 
radiographs in recumbent and upright positions. An 
extremely large gas-filled dilated stomach and 
duodenum without gas in other intestinal loops is 
typical. Examination with the infant in head down 
position will better outline the duodenum. Barium 
when given should be used cautiously and in as small 
amount as feasible, but most often the diagnosis is 
made with certainty on plain films. 

When interference with emptying of a hollow 
viscus occurs, the organ dilates. So it is with the 
duodenum. Obstruction of the distal duodenum or 
jejunum results in increased duodenal peristaltic 
activity, hypertrophy of the wall, dilatation and re- 
tention of contents. Benign and malignant neoplasms, 
atresias and stenoses, malrotations, volvuli and 
bands, inflammatory masses and cicatrices, adhe- 
sions, compression by vessels and aneurysms are 
capable of causing duodenal obstruction. All these 
are mechanical in nature. Not all obstructions of the 
duodenum are mechanical however, nor do all dilata- 
tions of the duodenum signify the presence of me- 
chanical obstruction. To assume so, leads to mis- 
takes in diagnosis and to error in treatment. Dila- 
tation of the duodenum without discontinuity of the 
lumen has several aspects. 

The duodenal bulb never exceeded 3.5 cm. at 
its base with a usual measurement of 3 cm. The 
normal bulb never exceeded 4 cm. in height from 
pylorus to apex with the usual value of being 3 cm. 
The author feels that an increase in the size of the 
duodenum above these values should suggest a 
megaduodenum of significance, but it is realized 
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that in time the limits of normality may be revised 
upward. The true megaduodenum must be seen re- 
peatedly on multiple roentgenograms and at fluoro- 
scopy. With an increase in diameter elongation and 
redundancy are also observed. Folds are spaced 
further apart. 

The roentgen criteria for the diagnosis of mega- 
duodenum should also include the observation of pro- 
longed retention of barium. Peristalsis may be in- 
creased when the duodenum is still attempting to 
overcome a distal obstructive lesion, whether this ob- 
struction be an organic encroachment of the lumen or 
improper function of a segment of bowel. If obstruc- 
tion is prolonged, the proximal bowel decompensates, 
and peristalsis is consequently deficient. Reversed 
peristalsis, or the to-and-fro movement of barium in 
the duodenum, was once thought to indicate dysfunc- 
tion. It is seen in normal people and can no longer be 
considered of significance. A roentgen sign of mega- 
duodenum is a cascade effect of the barium dripping 
from the bulb into the dilated loop when the patient is 
in the erect position. To fulfill the criterion for a 
large, dilated duodenum of the type with which we are 
concerned, there must be an absence of encroachment 
upon the lumen by a lesion of any kind. Inflammation 
and ulceration in the abnormally large duodenum may 
be present. Some believe stasis of contents produces 
these changes. Others feel that ulceration may be 
primary, and localized ileus and stasis are secondary. 
A large amount of barium passing quickly from the 
stomach can temporarily distend the duodenum, thus 
giving the false impression of an abnormally dilated 
duodenum. 

Symptoms associated with a huge duodenum are 
nonspecific and cannot be differentiated from symp- 
toms accompanying other lesions. 

When stenosis is not complete, symptoms may 
not be severe enough to require examination until 
later in infancy or childhood. The appearance on 
plain films may not be so pronounced or character- 
istic, but barium study will demonstrate the duodenal 
obstruction. 

The descending duodenum is also obstructed 
by an extrinsic mechanism when bands of reflected 
peritoneum related to an incompletely rotated cecum 
compress it. Symptoms may be present in the im- 
mediate newborn period or not until much later. The 
findings on plain films and gastrointestinal barium 
study are very similar to other types of duodenal ob- 
struction, already discussed, except that obstruction 
is far less likely to be complete, and gas is there- 
fore to be seen in the lower small bowel. Barium 
enema will reveal the defect in colon rotation, with 
the cecum being seen not in the right lower abdominal 
quadrant, but in the right or left upper abdomen, in 
close relation to the stomach and duodenum. 


EXTRINSIC LESIONS AFFECTING 
THE DUODENUM 


TUMOR AND OTHER PATHOLOGY OF THE 
PANCREAS (Fig. 250A). The duodenum, by displace - 
ment from its normal position and pressure defects 
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Fig. 250A 


on its normal contour, gives clues as to the existence 
of other pathological conditions in adjacent organs. 
Carcinoma or cyst of the head of the pancreas may, 
owing to the enlargement of the head of the pancreas, 
spread out the curve of the duodenum into a large 
circular structure, smooth and rounded on the inner 
margin, which when it occurs, is quite characteristic 
of the disease. Tumors in other portions of the pan- 
creas may be detected by displacement of the stom- 
ach, colon, and other surrounding structures. Cysts 
and tumors of the body and tail can produce signifi- 
cant pressure defects on the left kidney, demonstrable 
on intravenous or retrograde pyelography in the re- 
cumbent position. The persistence of the defects 
when the patient is upright would suggest fixation to 
the kidney, (Chamberlin). 

Before carcinoma of the head of the pancreas 
attains sufficient size to cause duodenal displacement 
it may be detected by its effect on the mucosal layers 
of the duodenum giving rise to a deformity described 
as an inverted figure three, (P. S. Friedman) on the 
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outer duodenal border (Fig. 250B), or on the inner 
side of the loop, (Fig. 250C). Stiennon has concluded 
after extensive investigation that the Epsilon con- 
figuration is actually due to edema of the minor and 
major duodenal papillae. 


INTERMURAL HEMATOMA OF DUODENUM. 
Felson and Levin have reported a novel condition of 
the duodenum in which there appeared to be narrow- 
ing and almost complete obstruction in its second 
portion with the development of a coiled-spring ap- 
pearance at its junction with the third portion as if 
there was a rotary volvulus, associated with a mass 
due to hematoma of the intramural layers. The eti- 
Ology is not known. There was no history of trauma. 
Castigliano reports a large tumor mass in the region 
of the head of the pancreas, thought at first to be due 
to carcinoma, which disappeared completely under 
antisyphilitic treatment and has remained well for 
14 years. 


ANNULAR PANCREAS. Annular constriction 
of the duodenum from encirclement by the pancreas 
presenting a smooth constriction of the duodenum in 
its descending portion. The constriction retards the 
free flow of the duodenal contents and results in six- 
hour gastric retention, (Lehman; Feldman and Wein- 
berg) (Fig. 250D). 

Complete obstruction of the duodenum results 
in enormous gaseous distension of the stomach with 
gas. According to Hope and Gibbons it may be pos- 
sible to observe an indenture on the duodenum in lo- 
cation of its portion which may give a clue as to its 
cause, Differentiation as to the causative lesion may 
be impossible, 








OTHER LESIONS OF THE PANCREAS, (Poppel). 
Aberrant deposits of pancreatic tissue may occur at 
any place in the duodenum or pyloric region of the 
stomach, They appear merely as small benign tumor 
masses of any other sort, arising extra-mucosally. 

The variable relapsing recurrent symptoms of 
pancreatitis makes its very existence difficult to de- 
tect and to evaluate (Poppel); this is probably due to 
the enzymic activity of the inflammatory collection 
and its tendency to migrate to various different loca- 
tions. It may appear to be the initial phase of the 
disease resembling a local abscess, perinephritis 
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abscess, a subphrenic abscess, a fistula, pleurisy 
and emphysema, a mediastinal mass, an appendicitis 
or perityphlitis, an abscess in the left iliac fossa, a 
collection in the lesser sac and a true cyst. These 
may be localized; in the retroperitoneal area behind 
the pancreas, in the lesser omentum, between stom- 
ach and liver, in the lesser peritoneal sac, in the 
gastrocolic ligament, between the stomach and trans- 
verse colon, or high up under each half of the dia- 
phragm. 

Such collections of fluid usually communicate 
with the pancreas by fistulous tracts which can be 
filled during operative or postoperative pancrea- 
tography. Roentgen examination requires inginuetey 
for detection of any possibility. 

Chiat and Faegenburg have pointed out the fre- 
quency with which carcinomas of the pancreas, be- 
cause of their irregular pressure on the barium 
filled stomach, simulate carcinoma of that organ. 

This may be due to erosion through gastric 
wall or merely to pressure of the irregular pan- 
creatic tumor. In 161 cases of carcinoma of the 
pancreas fully 1/3 showed some type of radiographic 
abnormality. 

“A negative cytological report ina case having 
the radiographic appearance of carcinoma of the 
stomach should encourage the radiologist to include 
in the differential diagnosis the possibility of pri- 
mary pancreatic cancer.” 


PANCREATIC CALCIFICATION 


PANCREATIC CALCULI. Pancreatic calculi 
are rare. They may lie within the duodenal loop, but 
frequently form a series of multiple deposits extend - 
ing throughout the pancreas across the upper abdo- 
men, (Keats). Various observers have located these 
multiple small calcareous deposits in the smaller 
ducts, or in the parenchymal tissue itself. McGeorge, 
et al., have concluded that, “These areas of calcifica- 
tion may appear to be in the parenchyma because the 
lining epithelium of the radicals become denuded, 
most likely due to pressure, necrosis, infection and 
stassis.” They may be associated with fibrocystic 
changes in the lungs. 

“The characteristic microscopic appearance of 
our cases of diffuse calcification of the pancreas is 
the replacement of most of the parenchyma by dense, 
acellular fibrous tissue, with marked dilatation and 
deformity of the ducts, absence of most of the ancini, 
preservation of some of the Islands of Langerhans 
and chronic inflammatory round cell infiltration.” 

Both the lung and the pancreas are developed 
from the same embryological structure which proba- 
bly explains their relationship in this disorder. The 
lungs show varying degrees of fibrocystic changes 
and bronchiectasis often with patches of broncho- 
pneumonia which may serve to direct suspicion to 
the pancreatic disorder. Often a bronchogram may 
be necessary to show the cystic changes. Aceliac type 
may have associated intestinal symptoms. It may 
have some connection with fat soluble vitamin A de- 
ficiency. The islands of LANGERHANS are usually 


not affected until late in the process. The small in- 
testine may assume the appearance of a deficiency 
state (SAGE). The repeated attacks of upper re- 
spiratory infection, with cough wheezing respiration 
and dyspnoea, leading even to much more serious 
results and as lung abscess and empyema has served 
to emphysize the pulmonary aspect of the condition. 
The essential alteration of the mucus-secreting 
glands in all locations serves to emphasize these as 
the primary defect of the disease. This has led 
FARBER to suggest the name, “mucoviscidosis.” 

Poppel et al. have reported an instance in which 
the pancreas was herniated into the chest. 

Small gall stones may occlude the Ampulla of 
Vater causing bile to enter the pancreatic duct re- 
sulting in acute hemorrhagic pancreatitis. In this 
condition there may be an accumulation of fluid in the 
lesser peritoneal cavity causing a mass between the 
stomach and transverse colon. The diaphragm is 
held in a high position (RIGLER). 


Gas abscesses of the pancreas have been re- 
ported which are recognized by the changing fluid level 


within the abscess cavity. 
A method for tomographic examination of the 


abdomen in associated with tomography is described 
by Luden to show pancreas. In many cases of value; 
in only technically adequate roentgenograms should 

diagnosis be made. 


GALL-BLADDER PRESSURE (Fig. 251). The 
pressure of an enlarged gall bladder or other adjacent 
organ on the duodenum, may be readily manifested. 





Fig. 251 


PERIDUODENAL AND CHOLECYSTIC ADHE- 
SIONS. Periduodenal and pericholecystic adhesions 
following inflammatory conditions in this region may 
give rise to irregularity of the duodenal bulb which 
may simulate ulcer or duodenitis. It has been found, 
however, that deformity of the duodenal bulb from this 
cause represents such a small percentage of cases 
that they may be, for practical purposes, disregarded -- 
any constant deformity of the bulb being adjyuagea as 
evidence of duodenal ulcer. 

Metastatic carcinomatous lymph nodes have 
been demonstrated causing a pressure defect on the 
3rd portion of the duodenum, (McCort). 
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BILIARY FISTULA (See Biliary Tract, Figs. 
273C & D, and p. 433), When erosion of a gall stone 
or of malignant growth causes a fistula between bili- 
ary tree and duodenum,.deformity of the duodenum 
of varying degree may be seen with barium meal. 
The diagnosis is easily made by observation of gas 
in the arborizations of the bile ducts on plain films, 
or by the outlining of these ducts by ingested barium. 
Very rarely the biliary calculus responsible for this 
abnormal communication between biliary system and 
intestine is seen still in the duodenum. 

Duodenocolic fistula is less often encountered. 
Carcinoma of the hepatic flexure, ruptured duodenal 
ulcer, ulcerative colitis, and tuberculous lymphadeni- 
tis have been known to produce this lesion, best de- 
tected by a barium enema, (Clayton and Thornton), 

A plastic tube can be inserted into the pan- 
creatic duct, (Doubilet), after transduodenal section 
of the sphincter of Oddi, and opaque material may be 
injected for visualization of the pancreatic duct sys- 
tem, The tube may be inserted into the duct for 4.5 
centimeters and brought out through the duodenum and 
choledochus alongside a T-tube, In the event of post- 
operative oedema and inflammation the opaque mate- 
rial may pass through the epithelium, but as the in- 
flammation subsides it assumes its normal form, 
Cysts and pseudocysts, abscesses, etc., may be 
visualized. 


Such fistulae are usually complications of duo- 
denal ulcer or gall stone erosion. Rarely they may 
be due to ulcerative colitis or appendicitis. Other 
rarer causes may be typhoid ulcer, tuberculous 
adenitis, operative trauma, and foreign body perfora- 
tion. 

Another report of duodenocolic fistula from 
erosion of a peptic ulcer. 


Gallstone Impaction in Duodenum. Erosion of 
gall stones into the duodenum and impaction into the 
bulb is a rare condition, which rarely is precisely 
diagnosed. Administration of a barium meal will 
demonstrate the filling defect produced by the stones, 
but often their nature cannot be recognized. Figiel 
and Figiel have pointed out that with cholecystogra- 
phy the fistulous tracts produced by the migrating 
stones become visualized and establish the correct 
diagnosis. 

Intussusception of a gastrojejunostomy is a rare 
condition considering the frequency of this type of 
surgery. Soteropoulas, et al. have described a case 
in which this condition developed. With a barium 
meal the stoma was seen to be obstructed with a 
mass protruding into the stomach. Some of the 
barium may enter the intussusception showing char- 
acteristic folds of jejunum. 


JEJUNUM AND ILEUM 


I. ANATOMY 
Il. ROENTGEN EXAMINATION 


HI. PATHOLOGICAL MANIFESTATIONS 
1. Small intestinal obstruction—complete 
2. Paralytic ileus 
Generalized 
Localized—associated with abscess 
3. Localized spastic (sympathetic) ileus 
4. Mesenteric thrombosis 
a. Arterial 
b. Venous 
5. Vovulus of small bowel 
a. Twisting—acute 
b. Rotary—subacute, of terminal ileum 
WANGENSTEEN apparatus--for aspiration gastric contents 
MILLER-ABBOTT tube—for deflation of gas-distended intestine 
6. Abdominal hernias 
a. Inguinal 
b. Femoral 
c. Ventral 
d. Umbilical 
e. Obturator 
f. Sacrosciatic 
g. Petite’s triangle 
h. Pudendal 
i. Foramen of Winslow 
j. Mesenteric—Richter’s 
k. Paraduodenal 
1. Intersigmoid 
m. Recto-genital pouch 
- Meconium ileus 
. Fetal meconium peritonitis 
. Intestinal emphysema—pneumatosis cystoides intestinalis 
. Incomplete intestinal obstruction 
Cold physiological salt solution—barium meal for small intestinal examination 
Rehfuss tube—for small intestinal enema 
11. Regional enteritis; terminal ileitis; ileo-jejunitis 
12. Tumors of small bowel 
13. Multiple polypi 
14. Diverticula; MECKEL’S 
15. Nutritional disorders 
Avitaminosis 
Steatorrhea 
Sprue 
Celiac disease 
Amyloidosis 
Other deficiency states 
16. Intestinal parasites—round worms 
17. Peritoneal exudates 
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Beliciency. ol gas it: amali intestine in the new 








born, or infant, oe saoaly regarded as intenstinal ob e | ae e hats Yee Oe. 


| “Pour rages are. presented by. iekingoth wie dacob- 

gon in which absent or diminished small intestinal ae 

‘in infants simulated. obstruction but which proved to Si 
be due to respiratory dAifficulty in 2 capes and aehy-—— = eae 

‘dration and diarrhea in the other 2 cases. The value” ee 

of oral contrast media in differentiating true from. ae one 
simulated obstruction is discussed. Gegheee i 
In a given case, administration ‘ot a ‘raat 
_ amount: of contrast medium: by mouth will within a few |. a 
 houra clear up asy poasibtlity of obstruction oy aa ie 
: naRe clear ie rene to, ie rectum, TE of 
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| * Normality. a Sacle cqvtctdbate ‘meat oe 3 
leave the stomach and completely traverse the osure e 
“small bowel in five hours, only a small amount: 3 fe 
‘maining in the terminal ileum. Greater advancement | - 
than this indicates hypermotility; delayed passage: ids Ta 
 dicates. hypomotility., Af physiological saline ae S es 
is used as a vehicle, the barium mixture leaves. The 
- stomach at once and. usually reaches the cecum 
within an hour of less. This is used for examinitiie: " 
of the small intestines. if the stomach is. not emptied 2 
“after six hours it is evidence of pathology. A be ntaega a 
example of intestinal hypermalliity is sean in Gar 73 
rhea of infants associated with intestinal infection, | BOB 
This is usually associated with excessive intestinal. || am 
gas but occasionally however the lack of intestinal gas ROR 
is a striking feature of the condition; the cause af this Un 
SpER TENE SBCEeeney is ‘not ‘known, CEDIA, et a a Ve 
ene ee “PATHOLOGY — SA peed IN 


“SMALL INTESTINAL OBSTRUCTION, *(Fig. oe Ree 
252A, 8, O)°A review of ihe physiology of intestinal se Viena 
‘obstruction Way aid inv understanding the clinical. le 

“symptoms and roentgen: Signs which develop. With © 
complete obstruction of the intestine ‘a definite chats 
of FORSEER Signs ‘and Symptoms rapidly. develop 





vey! 


(Gase), 
3 At the outstart, there is an. ‘effort of the pete” kee Canes aaa 
to overcome the. obstruction. witch k ceaults. in n vgoros fies | os tae ‘dae 
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flaccid. A finger introduced into the rectum will in- 
dicate the rectum empty with the rectal wall relaxed 
and flaccid falling loosely In folds about the examin- 

nger. so explains 
is of such great importance: the lack of gas in the 
distal loop and rectum in intes obstruction. 

en, the portion of the bowel proximal to the 

obstruction, unable to rid itself of its contents, rapid- 
ly fills with gas. The origin of the gas which rapidly 
collects to distend the proximal intestinal loops is 
not fully understood but it probably results from 
many causes; the products of putrification, swallow- 
ing of air, fermentation, but probably the most im- 
portant source is the gaseous interchange between 
the intestine and the blood stream which is probably 
disturbed by the uneven pressure produced on the 
venous return by the increasing distention of the in- 
testine. Roentgenographically these gas-filled loops 
of bowel take on a characteristic appearance. Be- 
cause of the extreme dilatation of the small bowel, 
the valvulae conniventes are stretched and accen- 
tuated giving the roentgen appearance of so-called, 
“herring bone” design, and the loops of gas-distended 
bowel arrange themselves back and forth across the 
abdomen in a “step- er” fashion. The abrupt 
looping of the gas-distended loops of bowel are often 
likened to “hair-pin” turns. These signs are best 
demonstrated in the anterior prane position of the 
abdomen. Within a few hours after obstruction fluid 
is excreted into the bowel giving rise to the roentgen 
appearance of multiple fluid levels. This is due to 
partial interference w e blood supply squeezing 
the blood vessels between the intestinal coats. These 
fluid levels are best demonstrated roentgenographi- 
cally in the upright or lateral views (Figs. 252B and 
C). Large amounts of intestinal fluid are repelled 
back into the stomach by reverse peristalsis in an 
effort to rid the body of this toxic material and fecal 
vomiting occurs. The continued excretion of fluid 
into the bowel explains the source of such voluminous 
amounts of material which are sometimes vomited 
with intestinal obstruction, and the dehydrated state 
of the body tissues which develops. 

At times it may be difficult to decide whether 
the small intestine or the colon is the portion of the 
bowel which is distended; a barium enema will soon 
decide this question. It will be recalled that the 
rectum and portion of the bowel distal to the obstruc- 
tion remains flaccid and empty. In small bowel ob- 
struction then the entire colon should remain small 
in calibre building up slowly even to its ordinary size 
as more and more of the barium enema is admin- 
istered. There is no danger to be feared from a 
barium enema and frequently the information ob- 
tained is decisive. 

The higher up in the small intestines the ob- 
struction occurs, the more pronounced are the intes- 
tinal markings, so that it may be possible from the 
roentgen appearance of the distended bowel to gain an 
idea as to its location. 

Clinically the location or even the existence of 
obstruction may be in doubt, so that obstructive 
lesions of both the small and large bowel must be 
considered. Among the most prominent symptoms 
are obstinate constipation and vomiting. These symp- 
toms are invariably present, although they are not 
always sufficiently evident at the onset to justify a 
diagnosis of obstruction. In complete small intestinal 


e roentgen sign which 
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obstruction vomiting may be the most prominent 
symptom, the constipation may be entirely over- 
looked; whereas, in complete large intestinal 
obstruction, obstinate constipation may be the out- 
standing symptom and vomiting may not develop until 
much later. If the vomiting is fecal, this is, of 
course, a definite indication of obstruction. Inter- 
mittent colicky pains are usually a feature of acute 
small intestinal obstruction but they may not be very 
intense and later on, after the patient becomes ex- 
tremely toxic, all manifestations of pain may cease 
and the patient may even experience a feeling of 

well being. Gaseous distension is present of course, 
but it remains for the roentgenological examination 
to determine its character and location. If peristal- 
sis is visible through the abdominal wall, as it 
occasionally is in very thin individuals, it is addition- 
al evidence of existence of obstruction. 

The most common cause of small bowel ob- 
struction is postoperative abdominal adhesions. These 
are sometimes accompained by exudation. Peritoneal 
veils and constricting membrane provide the obstruct- 
ing medium in only a small percentage of cases. 
Primary malignancy is extremely rare, although 
secondary growths are responsible for obstruction in 
a greater percentage of instances. Strangulated 
hernias produce a goodly number of cases; under 
such circumstances the diagnosis is usually so self- 
evident that the patient is rarely sent for roentgeno- 
logical examination. Complete obstruction has been 
described as a result of a number of other causes: 
volvulus occasionally associated with intussusception, 
impacted gallstones at the ileocecal valve, Ascaris 
worms, eating of grasshoppers in the Belgian Congo, 
fetal remnants following abortion, fibroids, (sec- 
ondary), and very rarely, primary growth. When it 
occurs in association with congenital atresia of the 
bowel, the findings are the same but the symptoms 
are much milder. 

Regardless of the cause, the roentgen findings 
of intestinal obstruction are the same. 

The roentgen signs then upon which the diagno- 
sis of intestinal obstruction is made are: 

1. Gas distended loops of intestine, above the ob- 
struction; flaccid empty bowel below the obstruc- 
tion. The rectum must not contain gas or fecal 


material. 
2. “Herring bone design” (produced by accentuation 


of valvulae conniventes with small bowel dilatation), 
“ladder pattern” due to arrangement of gas- 
distended loops on top of each other, and “ hair- 
pin turns.” The loss of valvulae conniventes is 
said to be evidence of gangrene of bowel. 

3. Multiple fluid levels in the dilated intestinal loops. 

These signs are best demonstrated by roent- 
genographic examination in the following positions: 

1) a flat film examination of the entire abdomen in an 
effort to disclose any gas-filled intestinal loops. 
(Fig. 252A.) 

2) examinations should also be made with the patient 
in the upright or lateral decubitus to disclose any 
fluid levels, or free air in the abdomen. (Fig. 252B.) 

3) another examination in the transabdominal position 
(with patient lying on his back, x-ray beam directed 
horizontally across abdomen) should be made, not 
only to demonstrate fluid levels but to show exu- 
aoe iia the gas-filled intestinal loops. (Fig. 

C. 


_ = Wiktire may be piven & 
 {agested mater {fal followed through the intestinal 
- . tract. 


tire oy mouth, even in we ents whe 


= ble; Sifies they ay pro me 
ee interfere with subsequent aperative b pron edure. ‘Fri- Y 
--" fhann-Dahl has had similar experience with the use < ~ 
cs eae simall quantities of barium by. mouth in exceptional s 
- 3 SaSee. 





These usually are guflicient to determine the’ 
diagnosis, It is always best to make the diagnosis» 
without any injection or administration of berium — 
sulphate if possible. If there is any doubt aboust the 

identity of the loops of the bowel, a bariim enema — 


‘may be given. if the evidence from these procedures | 


4s not conclusive a few swallows of barjum Sulphate. 
mouth and the course of the 





SS We never hesitate to give. proall quantities af 
~ barium sulphate, ‘two or three eee canoe the mix= — 
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“especially if it fs not recognized promptly, A large — 


duodenal gaseaus distention. Prompt operative cor. | 


rection may save a high percentage of patienta. 
Lewis has likewise emphasized this. need for" 


< early Surgery as the surest way of reducing: mourtallty. % 


ans Current procedure in the managernent of ob-— 
straction cases has been outlined oe aaa aes 
Manor. 


GENERALIZED D PARALYTIC ILEUS" * th gen-— 
eralized. 
there is no mechanica “occlusion to the passage of 





material, merely a tack ob propulsive force to posh: : a 


material through; the bowel lies distended with gas, <{ 
keri Bo; SHE OTe ppaeene was eae made from correlation of the history and symptoms 


| swith the K-ray lindings, At times, however, the dif 
: | ferentiation betweea ee two. Fennditions becomes ue pis 





anable to pass its contents along owing to par 
In such instances there is no definite localization ot 
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aralytic (leas on the other hand (Fig. 253), +f 
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ier lesions gas is praaenk throughout: the: bowel, and I 


ae the rectuta Binile he slated: oiamied as much: as the 





” Generalized paralytic. fleus of this type may be 


. U4 due to general periotenal irritation such as peritonitis: 
“trom infection, appendiceal or other abdominal ab- 
| geese, subdiaphragmatic abscess, retroperitoneal . 

‘| abscess (g.¥,), ete. Reflex inhibition from: ree 

- | either external or postoperative may cause Hews... 

a8 re can be little doubt of the influence of the 

5 sympathetic nervous. system on Amtestinal movement 
eB mae gaa formation. 


The sudden “appenration of gas-filled loops ot. 


: C1 gent bowel in association with ureteral colic from: 

|} passage of a stone or ureteral eatheterization, - which’ 
| sometimes is observed, suggests the possible influ. 

ence of the ‘sympathetic nervous system, in: BS for- pais 

one thation by ite influence on the’ cireulation. 

‘Allen, et al. ‘has valied attention to tie particu- Th 
jar need. for’ parly diagnosis, espectaily io roldgot ob- 
struction in. infants ‘and children: the mortality is: high. 


~The acute development of gas in the: intestines: 


in shock 15 another manifestation of influence of the 
| syinpatheHc nervous system, probably acting SresED: eae 
| the retarded: circulation, A case of paralytic tlens: - : 
percentage are accompanied by enormous stomach or | complicating myocardial infarct has been described. 
Gao Re To the surgeon: or. clinician the: points: of prime. SP BS 
esse ‘imiportance BY@s es 


1, The patablishment of the fact that‘an obstruction. 
“is present and that: the. meteorism. is not due to. 
paralytic ileus; 3 


2. Its localization to a apecilic portion of the small ae 


or farge bowel aa nearly as possible; 


RT Tae) hee 


| - The detection of any complicating conditions. which, : 


may tend to throw light. MN: the eriology. or govern. See 


the method of treatment. — 


| 5 Usually the. differentiation Reiween. sinali intestinal” 
obstruction and paralytic ileus should be readily 


, | aint: es 


ABSCESS. “paralwus: ileus 5 frequently develops: - = 


_ — : with abdominal and other localized abscesses, sich © <9. 
ae, |. as: appendices! pelvis, ‘subdiaghrapmmatic. and: retro- SERA ST 


e=- | peritoneal, (q.v.}, Those infections which are asso-. 
== | ciated with gaz-forming bacteria may present numer Rx 


og 3 8s gas bubbles associated with the abscess. The . 
| extensive gas distention produced by paralytic ileus 


ee |. especialy barhe in mind. ‘The use of stereoscopic’. 


- 1 Hime of the abdomen is most effective in ‘delecting <<< oy. 
ouch isdlated: “gas. deposits and séparating them. Wonk Pee 
| the gas-filled loops of bowel. This ts especially trae: Ree 
foes | inthe diagnosis. ‘oft retroperitonea) abscess, (Bird, 
Reese | et aL). ifthe abscess. {5 not produced by gs-forting sR 


yee é “organisms, ‘this sign. is of no sid and other SRE OAS 


S oe be. utilized. for diagnosis (qv). eae | = 
: LOCALIZED PARA LYTIC OR SPASTIC ee oe x 


- cf has heen abseryed in Which {isolated sections of tne © 


Bey | cause—suc 





: ; P ‘lon: is: need out: tor pyslography, 2 and as Seer ne 


“ZSE. 


Fig. 


- ma ae pancreatitis. i ee eg 
bocsiees: ‘varalytic or + spastle I stews of this > Pe paserey 


a. May svscure the smaller’ gas deposits unless they A es : 


“| testines become tilled with gas as a result of exter ee 3 
: pain: or ee arcuation from infection or other feffex 0 
That Seen when urethral cathe es 


a9 | 


mity involve an tadlated. top: of bowel adjacent. a or: 
walling off a. localized infection euch a5 an append | 
ceal abscess, or it may be dus toa vetiex. inhibition - 
from pain. If these: elements: are ‘borne in mind, it - 

- Will be less difficult, to come a # conctusion about 
this condition, Seeiors 


- Another very. important point: uf. iéferentiation ib 
l-gelon near the Splenic flexure, This is the artery = 
jomost frequently involved. Asa result, gaseous dita a 

~ | tation is confined to these regions of the git, the «2° 
Ob olor beyond this point retaining its tone and ermal Ei 


| ig the fact that the gas-filled loops of the bowel ‘ia.’ 


spastic leus are never as great ad in. true mec oe | 






ion. an : 


nee aUatation hy ite location ane: clinical Bens: 





tablis ed, Causes Similar gaseous diiatation of the 
brwel. resembling intestinal obstruction toehtwend- Se 
logica Hy. : itis: attended with excruciating abdominal » 






| : ot aéate abdomina “emergency with 
3 seuplomn out of all proportion to those St intestinal 
os obstruction. Sais 

“Oeblagion ot the Superior iasuuteric artery | 
produces: prasounced nervous stimulation resilting fa | 


- intense contraction of all of the muscles of the got. 


7 Operative. procedure at this stage discloses the entire | 
gat drawn wp into a knot from the severity of the re- Q 


action, Roentgen: examination at this stage ‘Feveals 
only 2. bizarre patiern of gas distribution. After a- 
few hours the contraction relaxes and gas: distention 
_of the bowel results. As the bowel relaxes, blood — 
entrapped in the mesenteric veins drains back into 


3 ea bowel, Sreesnve® the cS of menleiple fluid 3 





‘, tet eaye S38 54% les ' / 
WP Yee oe oe 


Young: has bane ‘able oe cohaiieration’s ot ah: aes’ Sy 
; donut survey film to: suggest the cause of auch x er | lize the troe extent and location of the gas distention, 3 

ay | bowever, and for better evaluation {it may be neces- 
| sury to perform a barium enema,» ‘AS the: bearings © 
- MESENTERIC oTHROMBOSIS.“ (Pigs. ‘O54 a and | 


B). Mesenteric arterjal throwibosis, when fully es- 
“Will How without obstruction through the zone. ap 


-eoion into the gaseous: ‘dilated: proximal 


Ns however, conditions which serve to: id 
L so fer a obstruction {Rendich asin: Harrington), 


_ PRINCIPLES OF BOSE TGSN INTERPRETATION — 


eels similar in roentgen appearance Me those. from. 3 
“intestinal abstraction. Their cause in this-case is. 
hie to blood, not transudate; a bloody: stdol, there- 


| fore, is a good clinical sign ot mesenteric obstric< #3 a 
Mon. Eee se, | 


“The Sipura jnedentonie artery ‘supplies: ail at 
the bowel, both small and large, up ta the transverse. ‘ 


“appearance, - It is difficult at times to. Clearly: visuae 


enters the distal portion of the: olen, aE WHEL HE eS 
normaly, showing small raliber ‘and: tone: tbe. bariem = 


parent obstruction near the splenic Hexure af = 


colon, thus proving the presence of arteris! smesen=— cS me 


"MESENTERIC VENOUS THROMBOSIS,* ¢ wiite= 


= ‘Ve other hand, is not attended with such severe Symip= : te 
p-toms, Stasis from: interference with return of the | 
‘Venmis Dood results in edema and waterlogging of ‘alt 
| of the Ussue, and transudation into the intestinal lus e? : 
,{ men. and even the peritoneal cavity. The clinical pic- 
tire ie one of contitivous severe hemorrhage ASC 


| there: 48 no actual bleeding. _ 

“Nelson: and Eggleston pave: ‘observed: multiple — 
- glekie<shaped * fae shadaws* in the abdominal roent= S 
»genogram which appear tobe produced by an extremi¢ 
| degree of oedema af the walls of the intestinal Je00K > 
Sneteentat to. venous meacnteric: Drombanus, Thee 


teny wee 
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roentgen sign may well be associated with the ex- 
treme degree of intestinal oedema and the “pseudo- 
tumor” sometimes reported in association with venous 
thrombosus. 

Roentgenologically, there is no evidence of gas- 
distended loops of bowel—a few tiny globules of gas 
may be present but for the most part the entire ab- 
domen presents an homogeneous blank appearance. 

Prompt surgical resection of the involved bowel 
is the only method which has met with success. Up to 
1948 only 116 cases with successful resection have 
been reported (Benjamin). 

Perhaps this clear-cut roentgen appearance 
produced by the relatively uncomplicated picture of 
vascular occlusion represents the exception rather 
than the rule of involvement. The wide variety of 
conditions which may prevail in any region of the 
bowel at the time of vascular infarction and the vary- 
ing types and manifestations of bodily reaction to 
these conditions may result in such a bizarre assort- 
ment of roentgen reactions that a consistent clear- 
cut picture may be difficult if not impossible at times 
to recognize. 


VOLVULUS OF SMALL INTESTINE 

Volvulus or twisting of a loop of bowel 180° or 
more is usually associated with, if not instigated by, 
a long mesentery. Prompt diagnosis is essential if 
anything is to be accomplished for the patient. Yet it 
is in this very condition which our diagnostic acumen 
is least acute. One would think that twisting of the 
mesentery sufficient to produce complete occlusion 
of the intestine would result in the same roentgen 
signs of intestinal obstruction produced by other 
causes, yet this does not seem to be the case. A few 
small gas-containing loops of bowel may be seen near 
the site of involvement, but these do not take on the 
appearance presented by other cases of intestinal ob- 
struction but appear more like the isolated loops of 
gas-containing bowel seen in localized spastic ileus 
which develops in response to pain. Perhaps the 
simultaneous occlusion of the vascular supply and 
intestinal continuity might explain the lack of develop- 
ment of the signs associated with complete intestinal 
obstruction. 

We have always looked upon gaseous distention 
of the bowels and their fluid content which develops 
in complete intestinal obstruction as manifestation 
of interference with normal gaseous interchange and 
fluid balance between the intestine and its blood sup- 
ply. 

Perhaps development of these signs is depend- 
ent upon the gradual interference with the blood sup- 
ply, the venous return being first affected, followed 
by arterial occlusion only after sufficient gaseous 
pressure is built up in the distended intestine. In 
volvulus, the blood supply is reduced suddenly and 
in a different manner; both venous and arterial ves- 
sels are restricted at their sources simultaneously. 
This would explain the lack of gas distention and 
fluid levels in the twisted loop of bowel provided the 
process was sudden and complete, as it usually is in 
volvulus of the small intestine. Where the large 


bowel is involved the process is more gradual and 
gaseous distention may be enormous as it is in the 
cecum and sigmoid. This does not explain, however, 
why gas distention and fluid levels do not appear 
within the bowel proximal to the volvulus assuming 
that complete intestinal obstruction Is produced. 
Perhaps we cannot assume that complete intestinal 
obstruction has occurred and that sufficient con- 
tinuity of the intestine remains to prevent the de- 
velopment of these signs. Perhaps the primary fault 
is one of interference with the blood supply and that 
complete intestinal obstruction is a secondary de- 
velopment which occurs only as a late complication 
if at all. At any rate, this series of circumstances 
make volvulus of the small bowel the outstanding 
condition in which roentgen diagnosis may be of 
little value. 

Mellnis and Rigler, attempting to throw some 
light on the subject by an analysis of the pathological 
and roentgenological findings, have suggested two 
Signs, one a “coffee bedn” sign consisting of a closed 
loop of gas-distended intestine, the other a so-called 
“pseudo-tumor” sign which represents fluid-filled 
intestinal loops. The one may be easily mistaken in 
any case of intestinal obstruction, the other may be 
difficult to detect. 

Volvulus of the entire small bowel in the im- 
mediately postoperative period is a condition which 
also may occur. It is of unknown origin according 
to Gannon and Harrington. They suggest that it may 
be due to the paralytic ileus that usually follows op- 
eration, especially where extensive manipulation of 
the bowel is carried out during operation. 


SUBACUTE ROTARY 
VOLVULUS OF THE 
TERMINAL ILEUM— 
(Fig. 254C). Subacute 
volvulus of the termi- 
nal ileum has been de- 
scribed (Tiscenco), in 
which the patient has 
symptoms of intermit- 
4 tent obstruction. 
Roentgenologically the 
terminal portion of the 
ee ileum can be seen turn- 
Ze ing in one or more loops 
with the mucosal folds 
li, drawn out into parallel 
a lines, twisted upon 
themselves. The cecum 
may also be involved in 
a similar type of rotary 
Fig. 254C ileus, q.v. 
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WANGENSTEEN APPARATUS. One of the most 
distressing and most harmful conditions associated 
with obstruction and other small bowel lesions is the 
uncontrolled vomiting. By this means the patient is 
dehydrated from excessive loss of fluid and becomes 
increasingly nauseated and toxic by loss of HCl. 
Wangensteen has developed an apparatus for constant 


es surgeon: “at ‘operation. Direet fluoroscopic examina. : 
ton is utilized to introduce and guide the tube. thtough : 
_. the stamach and intestines, A few ce, of mercury © 


‘Sratoage of the atticmeh contents through a poeaeh 
tube, which, with administration of salt solution abe 


culaneously serves to replace the txxiy fluidsandelec- 
trolytes and restore the body toa more aorma! physto- 


logic state. This has in itself lowered the mortality 
of intestinal obstruction tremendously but from the 





ae such methods are resorted to. 


| MILLER-ABBOTT TURE. ‘This tages de- 3 


ee consists of a long double-barreled rubber tube, 


one tube within the other. The outer tube is connected 


toa emall rubber balloon near its end and the doner 
tube. bearing | a small metal tie, opens. freely on the 
| end, ‘This tube is passed dow whward nee tae 


} smait balioon: is inflated to fii t the lumen of the 

! bowel; then by constant suction on the other hibe the 

' gas and intestinal contents of the distended small - 
bowel are sucked outand the tube passes downward by: 
‘peristalsis to the polat of obstruction, When the as 





_ distention is relieved, few obstructions are iound to. | oH é 
 ‘be-absolute,; and the normal passage of the bowel may | Fors 
OE re-egiahlished. ‘A small amoust of batt soh~ 

tion may be. injected into the intestine wt the ‘point of 


ee obstruction and it. may: be possible to determine its.” 
eause,. ‘The tibe may be left in place to guide the — 






placed in the bag facilitates the passage of the: tube 

into the duodenum. Multiple positior : 
tube and patient are often necessary before the 

‘tube enters the dontenum, {Far dete 3 


ee oe of the —_ Bee Manual ut Boon ‘ - eS see 
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ses _ ABDOMINAL _RERNIAS, ‘Unless abdowitoat © 

ee heruiaw: cause intestinal obstruction ar, by incar- > 

_ceration cause peritoneal irritation or pain, they 
usually do not cause other manifestations in the - 


Se ing loops: af bowel which: patent oat. into the, dpb 
eee Sat. : “3 : fei 3 





encoii dn the male, are seen extending through — 


the inguinal ring far down below. the floor of the Pele. a ae 


vis inte: the serotum. The sigmoid colon. ts a tres: 


quent site of such hernias, when ey oceur on Ae pee | 


see aide. 


t it may serve to mask the x-ray find - 
ings . Kt ia better to estublish the oes) before, Or ee aes 
= 0 | which are. important because of the structures they ~~ 
involve. The most important internal hernias are: 
|| herniation through the Foramen of Winslow, para~ 
z 1) Gasdenay ROEnIBg and mesenteric or 0 
s ee bernia, : 


pate Seedian of this aart, most etcenuy 
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“as the ‘obturator foramen {ohtarator hernia), the. sad" 


ie  eeaaclathe notch (sacroseiallé hern te’s ee 
Gngle (Petite’s hern ¥ inguinal canal - 





ORgh the 2 
down into the vulva at a female’ patient. tpudiendal 
hernia). ‘For the most part the Sgranintoy 
+ Wmusual picture different fron. RES other ‘type of here a a 
3 ola other than their. position, = Sey Ne 


ey do Hot AFD 





There are, however, a few tntexnal | beenian’: ee 


ee of : 





‘Newman and Frische ave Seqarten a: case of ee 


a | Sieceua of the lesser peritoneal cavity in which the __ 
| entrapped infection caused pressure on the fundus 
= Le lesser curvature of the stomach giving the im~ ee 
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is not yet fused with the primitive posterior parietal 
peritoneum. They felt that the name should be 
changed to “hernia into the descending colon.” They 
also felt that the right paraduodenal hernia should be 
called, “hernia behind the ascending colon.” 

The roentgen findings in right- and left-sided 
hernias are described as follows: (Exner) 


RIGHT LEFT 
1. The intestines appear in 1. Same 
a bag. 
2. The coils cannot be dis- 2. Same 
placed. 
3. The axis is to the right 3. The axis is to the 
of midline. left of midline. 


4. The stomach rides 
high over the mass. 


4. With the patient upright, 
the corpus of the stom- 
ach hangs down and to 
the left. The pylorus 
and antrum are not dis- 
placed. 

5. Absence of small in- 
testine in pelvis not 
always true. 

6. No clear space between 
stomach and the mass. 


5. Same 


6. There is a clear 
space between stom- 
ach and mass. 

7. Exit from the mass by 7. Same 
change in the appear- 
ance of the intestine 
can be demonstrated. 

8. The ascending colon 
lies behind the mass. 


8. The ascending colon 
always lies to right 
of the mass. 

9. There is an abnormal 9. Same 


degree of stasis. 


Similar displacement is caused by non-rotation 
of the colon; so this anomaly must always be ruled 
out by barium enema. 


Mesenteric Hernia* ; Richter’ s Hernia (Fig. 


254E). This is a condition in which a knuckle of bowel, 


herniated through a small opening in the mesentery, 
becomes incarcerated or strangulated. Even if com- 





plete obstruction does not occur, there is marked 
gaseous distention of the involved bowel from local- 
ized spastic ileus as a result of pain. Efforts of the 
intestine to free itself result in a circular pattern of 
gas-distended intestinal loops. 

Roentgenologically these gas-distended loops 
arrange themselves in a concentric circular pattern 
about the point of incarceration giving rise to a pic- 
ture which is quite characteristic. 


oid Hernia (Gotlieb). This is a very 
cases have been previous- 


Intersi 
rare condition, only twen 
ly reported. 

“Close to the iliac artery near its bifurcation 
there is situated an orifice which leads into the sig- 
moid fossa behind the sigmoid mesocolon. The fossa 
extends upward varying in depth from a few millime- 
ters to a few centimeters. The fossa results from 
the physiological adhesions between the posterior 
layer of the mesocolon and the parietal peritoneum at 
the disappearance of the descending mesocolon in the 
seventh month of intrauterine life with turning over of 
the descending colon to the left. The physiological 
adhesions starting at the splenic flexure leave a gap 
in the lower border, the so-called intersigmoid 
fossa. The catching of the duodenum or jejunum in 
the fossa produces an internal intersigmoid hernia 
or retroperitoneal hernia.” 

Roentgenological examination reveals the in- 
termittent obstruction of the small intestine with gas 
distended loops of bowel stopping at the region of the 
sigmoid near the brim of the pelvis. Barium enema 
shows narrowing of the sigmoid with gas-distended 
small bowel originating at this point in left side. 


Herniation of Rectogenital Pouch. In certain 
instances of re on e pelvic floor, the recto- 
genital pouch may herniate downward between the an- 
terior rectal wall and the pelvic structures. Lateral 
view examination in the upright position especially 
when bearing down will demonstrate the barium-filled 
colon or small bowel protruding well down into this 
pouchlike structure (Wallen). Wolf and Marshak have 
observed the characteristics of the bowel after in- 
farction from segments due for instance to reduced 
incarcerated hernia. It is often important to know if 
the formerly strangulated segment of bowel is viable 
or if immediate operation is desirable. They found 
that if infarction had taken place the reduced segment 
of bowel would show tubular stenosis with effacement of 
of the mucosal pattern and conical transition to the 
proximal dilated bowel. 

Since the various tissues of the small bowel 
may present different degrees of resistance to the 
necrotic process which follows, some of the struc- 
tures may remain viable longer than others and it is 
proper to refer to partial infarction. It is possible 
therefore to relieve certain such cases by resection. 
The Miller-Abbott tube may be helpful in localizing 
such areas. 


MECONIUM ILEUS. This is a congenital condi- 
tion seen in new-born infants due to cystic fibrosis of 
the pancreas with occlusion of its ducts. The ducts 
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and glands are filled with pancreatic secretion but it 
cannot escape into the intestine, (Baggenstoss, et al.). 

Without the pancreatic secretions, failure of 
digestion of protein and fats occurs. The meconium 
becomes consequently thickened and inspissated, and 
readily blocks the intestinal lumen. Gaseous dilata- 
tion and other findings of intestinal obstruction super- 
vene. A bubble appearance of areas in the abdomen 
may be noted on the plain films, due to the admixture 
of air and meconium. In uncomplicated meconium 
ileus, demonstration of dilated loops of small bowel 
with no fluid levels on the upright films of the abdo- 
men warrants the diagnosis. When obstruction pro- 
gresses to gangrene, perforation, and peritonitis 
fluid levels may be present, (White). Barium enema 
will show a very small caliber colon, for the obstruc- 
tion is in the small bowel. 

Seventeen cases of meconium ileus have been 
analyzed by Herson who found that intestinal obstruc- 
tion with large bubbles of gas in a young infant was 
the most reliable sign of this condition.. 


Intestinal obstruction in newborn and very 
young c en cated by essentially the same 
roentgen findings as in the adult. Agenesis of the 
myenteric plexus of the newborn, volvulus of the mid- 
gut, ileo-ileo intussusceptions and duplications of the 
small bowel, as well as the colon, cause small bowel 
obstruction. 


Meconium (Fetal) Peritonitis. Newborn infants 
suffer from this disorder, a peritonitis due to the 
presence of meconium in the abdominal cavity during 
fetal life. It is usually associated with an obstructing 
‘lesion of the intestine of congenital origin. The me- 
conium reaches the peritoneum through defects in 
the intestinal wall, but the site of perforation may 
never be satisfactorily demonstrated. The roentgen 
Signs are those of intestinal obstruction plus calcific 
densities, often in multiple streaks throughout the 
abdomen. The calcifications result from deposition 
of lime in the meconial masses. Calcifications 
should be looked for in the scrotal region. Operative 
relief of the primary obstruction may result in re- 
covery, (Neuhauser; Pratt). 

Lester, quoting Boikan (1930) states that “the 
intestinal perforation in meconium peritonitis is due 
to obstruction caused by atresia, volvulus or string 
formations in about one-half of the cases. Meckel’s 
diverticulum has been reported to be the exciting 
cause in two cases, (Mookherjee, 1955; Boikan, 1932).” 

Obstetric or other traumata may occasionally 
give rise to perforation, (Zillner, 1884). In the re- 
maining cases the disease will be associated with 
pancreatic fibrosis, leading to a putty-like consistency 
of the meconium and failure of its peristaltic propul- 
sion through the intestine. 


PNEUMATOSSS CYSTOIDES INTESTINALB, 
(Lerner and Gazin; Schorr, et al.). This is a condi- 
tion in which cystic bubbles of gas collect in the 
mucosal wall of the small intestine or colon similar 
in every respect to gastric or bladder involvement by 
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a similar process. A zone of lesser density pro- 
duced by the air cysts is present outlining the 
mucosal layer of the intestine, intervening between 
the intestinal wall and any barium content which may 
be introduced. The etiology is unknown. 

Roentgenologically care must be taken not to 
mistake the appearance of bowel partially filled with 
air before the barium enema, with this condition. It 
may interfere with motility but does not seem to be 
of any grave pathological significance and it subsides 
spontaneously. There may be air free in the peri- 
toneal cavity from rupture of the cysts but this is 
associated with infection. The same lesions also in- 
volve the colon. Ramos and Powers have recently 
reported in detail the findings in such a case involv- 
ing the colon. The operative specimen revealed 
thousands of gas-filled cysts occurring within the 
mucosal layer of the intestine resembling polyps. 
Rosenbaum has reported a fatal case following rup- 
ture of one of the cysts of the colon. Roentgenologi- 
cally the diagnosis should not be difficult; gas-filled 
polypoid-appearing lesions projecting into the lumen 
of the intestine, usually the small intestine, although 
ao large intestine may also be involved, (McGee, et 
al.). 


INCOMPLETE INTESTINAL OBSTRUCTION. 
The problem of partial intestinal obstruction still re- 
mains. It is partial obstruction of the small bowel 
which gives us the greatest difficulty in diagnosis. 
In partial obstruction there are no gaseous-dilated 
loops of bowel to direct our attention to the true 
pathology unless complete obstruction intermittently 
occurs. Occasionally gas may collect in the small 
intestines with partial obstruction, but there is never 
the extreme distention which gives rise to the charac- 
teristic picture of bowel obstruction. The only 
means by which we can detect the partial obstruction 
is by the retardation of flow of intestinal contents 
through this region of the gut. To accomplish this, it 
is desirable to follow the barium meal through the 
intestinal tract, making examinations at frequent in- 
tervals until the barium has passed completely 
through the small bowel. The detection of malformed 
small intestinal loops, constant at all examinations in 
any location,is the basis for the diagnosis of partial 
obstruction. By this method incarceration of intesti- 
nal loops in hernias, partial obstruction from post- 
operative adhesions or peritoneal folds, tuberculous 
peritonitis, localized exudate, tumors, etc., can be 
shown. Regional enteritis, especially when it in- 
volves the terminal ileum (terminal ileitis) may be 
detected by this method. The roentgen findings may 
not be characteristic, however. This condition may 
occur anywhere in the gastrointestinal tract; it must 
be considered as one form of partial obstruction. A 
diagnosis of partial obstruction may be made only 
after observing, on repeated examinations, retarda- 
tion of the passage of barium at the same location. 
Special methods of examination are necessary for 
this investigation. 


Small Intestinal Enema (Schatzki), If a barium 
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after administration of a barium meal. Kantor’s 
“string sign” of the small bowel must not be confused 
with the “string sign” of the large bowel produced by 
mucus in the stool. By palpation at fluoroscopic ex- 
amination the area of involvement may be connected 
up with the palpable mass. The condition gives rise 
to unusual intestinal forms in the right lower quad- 
rant; this should always arouse suspicion and lead to 
a more detailed examination. There may be local 
spasm of the cecum similar to that seen in colitis or 
tuberculosis of the bowel. “Skip” areas of involve- 
ment along the bowel are frequent and both the roent- 
genologist and surgeon should bear this in mind dur- 
ing their examinations. Local resection and by- 
passing of the involved area may completely fail to 
eradicate the disease. About 20% recurrences are 
recorded. These may extend above or below the 
original site of involvement even onto the colon. 
Primary involvement of the colon is very rare. 
Fistula formation may occur either to the outside or 
between the loops of bowel. Enteroliths have been 
reported within the small bowel proximal to the con- 
stricted intestine, (Katz and Fischer). 


SCLERODERMA (Hale and Schatski). The 
same lack of peristalsis and dilatation seen in the 
esophagus in scleroderma may be evident in the small 
bowel. The barium meal may remain in the jejunum 
for several hours and by eighteen hour examination 
there may still be considerable barium in the termi- 
nal ileum. Even the large bowel may show haustral 
pocketing and segmentation with barium enema, q.v. 
p. 413. Stromme has pointed out that in the upright 
position fluid levels which may be present in diver- 
ticula of the small intestines may give the impression 
of intestinal obstruction. 


DIVERTICULA OF SMALL BOWEL; MECKEL'S. 
Diverticula of the small bowel are frequently en- 
countered, They may cause anorexia, crampy pains, 
vague distress an hour or two after meals should 
arouse suspicion and small bowel examination should 
be made. Inflammation may occur to the point of re- 
quiring resection, (Connolly). In this location they 
have no different characteristics than those found 
élsewhere in the gastrointestinal tract. They may 
not be easily demonstrated on direct examination 
and often go undetected until later when the barium 
mixture, after traversing the remainder of the small 
intestinal tract, leaves the diverticulum still filled 
with opaque material. Here also a bubble of gas may 
be entrapped above a fluid level if examination is 
made in the upright position, (Case). Being pseudo- 
diverticula without muscular coat they do not empty 
by direct muscular action. Meckel's diverticulum, 
on the contrary; is a true diverticulum with muscu- 
lar structure in which peristalsis has been noted on 
fluoroscopic examination, (Lewitan). For the same 
reason they usually do not show a fluid level in the 
upright position, and are therefore more difficult to 
detect; this has, however, been accomplished in rela- 
tively few instances, (Poppel). A bubble of gas, con- 
stant in size and location should arouse suspicion, 
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especially if associated with some barium retention, 
Bischoff and Stampfli have added to the barium filled 
or gas filled structure the presence of a “folded- 
ribbon-like (calcareous) shadow” within the gas 
bubble as a very helpful sign. 

Moxon and Ollerenshaw point out that occasion- 
ally barium remaining as a residue in the diverticu- 
lum is the deciding factor which draws the pathology 
to one's attention. Before any conclusion can be 
drawn, the finding must be constant at repeated ex- 
aminations. Mehth has reported a case on this basis. 

A case of unusually large Meckels’ diverticulum 
diagnosed preoperatively and removed surgically has 
been reported by Feist and Wilde because of its large 
size and specific symptoms. 

Differentiation of Meckels’ diverticulum from 
enterogenous cyst or duplication of the small intes- 
tine in this area is impossible roentgenologically, 
(Stein, et al.). In Meckel's diverticulum the mid- 
ileum is filled completely. 

Lerner, et al., have called attention to the pres- 
ence of gas within the diverticulum on flat film ex- 
amination of the abdomen as a presumptive sign, and 
confirmation by barium enema with reflux of opaque 
material into the terminal ileum and diverticular 
pouch. A case of intrauterine rupture of a Meckel’s 
diverticulum has been reported by Rosza and Gross. 
Meckel’s diverticulum may be the cause of intussus- 
ception, and is frequently the cause of hemorrhage. 


TUMORS OF THE SMALL BOWEL.* Wherever 
melena is a symptom which cannot be adequately ex- 
plained by the demonstration of a colonic lesion the 
small bowel should be carefully examined. While the 
small intestine will only be found to be the source in 
5% of the cases the possibility of operative removal 
is great and the location of the lesion should be sought 
(Dedick and Collins). Improved methods of examina- 
tion are bringing to light increasingly greater num- 
bers of tumors of the small bowel. The small intesti- 
nal enema, fractional small bowel series with multiple 
examinations as the barium meal traverses the small 
intestine, and fluoroscopy with spot film examination 
of segmental loops under pressure have all led to more 
satisfactory examination, (Dundon; Patterson et al.). 

Benign tumors which are encountered are: 


Carcinoid 
Adenomatous polyps 
Lipoma 
Lymphangioma 
Leiomyoma 
Hemangioma 
Fibroma 
Neurofibroma 
Fibromyoma 


The malignant tumors most frequently seen are: 


Carcinoma 
Lymphosarcoma 
Fibrosarcoma 
Leiomyosarcoma, and 
Malignant carcinoid 
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Carcinoma of the small bowel, either primary 
or secondary, is very rare and produces no charac- 
teristic appearance, Like carcinomatous involvement 
elsewhere the lumen is usually encroached upon by 
the growth (Fig. 255B). Regional dilatation of the 
small bowel from infiltration of the bowel wall with 
lymphoblastomatous lesions is the rule rather than 
the exception (Fig. 255C), 

Infiltration of the muscular layer of the bowel 
wall is more likely to occur with lymphoblastomatous 
involvement. The sarcomatous infiltration renders 
the musculature ineffective and normal peristalsis 
does not progress thru the area of involvement: fecal 
material is propelled thru this area only by continu- 
ous pressure from the proximal end. This results in 
dilatation of the involved segment, smoothing out of 
the mucosal pattern and muscular inactivity. Rich- 
man, et al., have also stressed dilatation of the seg- 
ment of bowel involved by lymphosarcoma. Ex- 
tensive areas may be involved embracing almost 
entire jejunum and ileum. The walls are rigid and 
peristalsis absent in the involved area. In some 
instances infiltration of the muscular layer does not 
occur, the sarcomatous lesion merely obstructing the 
bowel as in carcinoma (Deeb and Stilson). 


MULTIPLE POLYPI (Fig. 255A). Multiple 
polypoid masses occur most frequently in the colon 
and terminal portion of the ileum but they may occur. 
in any location in 
the bowel. Asa 
rule, when found 
in the distal por- 
tion of the ileum 
they are present 
as an extension 
from more pro- 
nounced involve- 
ment of the 
colon. Roentgen- 
Ologically they 
appear as multi- 
ple rounded radi- 
olucent areas 





Fig. 255A 


within the barium- 
filled intestine. Such rounded defects, to be of signifi- 


cance must be constant at all examinations. Double 
contrast enema (injection of air after barium enema), 
is the most effectual method of demonstration in the 
colon, (see polyposis of colon). The association of 
melanum pigmentation of the lips and oral mucosa 
with intestinal polyps has been described. 


NUTRITIONAL DISORDERS OF THE SMALL IN- 
TESTINE—AVITAMINOSIS—IDIOPOTHIC STEATOR- 
RHOEA—SPRUE—CELIAC-DISEASE=AMYLOIDOSIS 
and other deficiency states. 

Although of widely varying etiology, all of these 
conditions give rise to unusual appearances of the in- 
testinal pattern. The jejunum seems to be the site of 
greatest involvement. 


SMALL INTESTINAL DYSFUNCTION IN AVI- 
TAMINOSIS, Avitaminosis, especially lack of vita- 
min B complex in the diet, may give rise to certain 
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Fig. 255C 


manifestations which are readily demonstrable roent- 
genographically, There is experimental evidence to 
indicate that vitamins may influence gastro-intestinal 
motility and absorption, (Learner, et al), 
Roentgenologically the small intestinal pattern 
produced by such deficiency states is characterized 
in the early stages by hypermotility and hypertonicity, 
and in the advanced stages by hypomotility and hypo- 
tonicity. This is indicated roentgenographically by 
irregular contraction of the bowel, abnormal segmen- 
tation of the small intestinal loops, interspersed with 
widened loops of bowel showing coarsening and ob- 
literation of the mucosal pattern, (Golden). The pic- 
ture is not sufficiently distinctive to warrant an abso- 
lute diagnosis in all cases but where it is found it is 
sufficient to justify a trial by vitamin therapy. 


SPRUE AND PANCREATOGENOUS STEATOR- 
RHEA, Sprue may give a similar picture, It may be 
associated with pancreatic disease, such as stones 
or carcinoma (Snell and Camp). The study of 3 cases 
of amyloidosis has shown that its effect is the 
marked slowing of the motility of the small intestine 
and gas-distension occurring late in the disease. The 
condition causes, 1) thickening of the mucosal folds 
from infiltration of the mucosa, resulting in 2) nar- 
rowing and irregularity of the lumen, resembling re- 
gional ileitis, 3) gas distension due to replacement 
of the tunica muscularis resembling ileus and 4) 

4) slowing of the transit time. Gas distension appears 
to be the most common finding. It may be accom- 
panied by profuse bleeding. Marshak, et al., has 
pointed out the continued roentgen picture of sprue 
over 1 to 17 years followup. Three patients had 
normal small intestinal pattern. The others showed 
varying degrees if dilatation, segmentation, thicken- 
ing of folds, scattering hypersecretion, fluid levels, 
moulage sign and changes in motility, This is a 
functional condition in which excessive amounts of 
fat appear in the stool, Roentgenographically it is 
characterized at first by coarsening of the mucosal 
pattern which may pass on to complete loss of mu- 
cosal folds, the bowel segments assuming a smooth 
waxy or moulage appearance, (Kantor), The process 
is most pronounced in the jejunum and may not be 
immediately demonstrable, A half-hour later, how- 
ever, the mucosal pattern of the jejunum reveals a 
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peculiar appearance; it appears to have gathered in 
curds, some small and irregular, others filling iso- 
lated dilated segments. Some coils have a coarse 
serrated appearance while in others the barium 

filled folds pass around the segments in ribbon-like 
fashion (Brailsford). There is an associated failure 
of normal calcium absorption and secondary mani- 
festations in the bony structures, It is probably as- 
sociated with pancreatic dysfunction (Marshak, et al.). 

In celiac disease the mucosal pattern indicates 
almost complete disintegration. This is associated 
with serum protein deficiency, edema of the extremi- 
ties and improper calcium absorption with secondary 
manifestations in the bony structures. This is prob- 
ably the infantile manifestation of the same condition 
(Anderson, et al.). 

Similar findings have been described, (Krause 
and Crilly), in the presence of hookworms in the 
small intestine. All of these conditions may be asso- 
ciated with vitamin deficiencies A, D, and E. 


WIPPLE’S DISEASE. Martel and Hodges re- 
port on the occurrence of Whippel’s Disease as an 
uncommon, rare entity of unknown etiology, char- 
acterized by intestinal malabsorption and specific 
findings. 

Clinically the disease resembles sprue. An 
abnormal accumulation of fat and fatty acids is pres- 
ent in the lamina propria of the small intestine. A 
favorable influence is noted from A.C.T.H. but not 
from cortisone. 

The roentgen findings indicated a thickening of 
the mucosal folds was an outstanding feature in all 
of our cases and was most marked in the duodenum 
and jejunum. This is an understandable finding in 
the light of the pathologic changes. The most marked 
cellular infiltration is in the tunica porpria of the 
small bowel where widening and clubbing of the villi 
results; the dilatation of the lymphatics and the sub- 
mucosal edema also contribute to the widening of the 
valvulae conniventes, The mucosal folds are nor- 
mally widest in the proximal small bowel and one 
would expect the greatest thickness to occur in this 
portion. 

Thickening of the mucosal folds in idiopathic 
sprue may be observed, but the mechanism of its 
production is not clear in the light of the usual find- 
ings of flattening of the mucosal villi and thinning of 
the bowel wall; the degree of cellular infiltration has 
been minimal. It is possible that the mucosal] and 
submucosal edema, not reflected in necropsy find- 
ings, has been responsible. Possible overactivity of 
the muscularis mucosae has also been suggested. 
Nevertheless, marked thickening of the mucosal folds, 
as was here demonstrated, has not been seen in the 
majority of cases of sprue. 

The “moulage sign” was first pointed out by 
Kantor and refers to the apparent obliteration of the 
mucosal folds in the jejunum, presenting the lumen 
as smoothly contoured by the barium, as if wax had 
been poured into it and allowed to harden. Although 
this is more in keeping with what one might expect 
to find in sprue, it is seen in few of the cases and 
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usually in the more advanced ones. It was notseen in 
any of our cases. 

In differential diagnosis, segmentation, floccu- 
lation and scattering are seen in both Wipple's dis- 
ease and sprue but macrocytic anemia, characteristic 
of sprue, is not encountered in Wipple's disease 
Other things to be differentiated are amyloidosis,, 
scleroderma as it involves the alimentary tract, long 
ulcerative stenotic segments of bowel as in regional 
enteritis, some forms of lymphosarcoma, etc. 


SCHON LEIN-HENOCH SYNDROME; (Henoch 
Purpura), Handel and Schwartz have investigated the 
gastrointestinal symptoms and signs of this condition 
as manifested by areas of transient oedema of the 
small bowel, demonstrable even before other skin 
manifestations or purpura, They conclude that this 
may be the gastrointestinal manifestation of poly- 
arthritis nodosa. 


Amyloidosis of Small Intestine (Golden). 
“Amyloid is a protein material which exhibits certain 
chemical reactions resembling starch.” It may re- 
place muscular tissue of the intestine giving rise to 
various signs and symptoms resembling regional 
enteritis. It may cause intestinal bleeding. Gas dis- 
tention and disturbances in motility occur from in- 
filtration of the muscular structure. 

The present conception of the classifications 
of steatorrhea may be divided into three types: 

1) idiopathic, as seen in sprue and severe functional 
disturbances, 2) pancreatogenous, from deficiency 
of pancreatic enzyme, intrinsic inflammatory or 
neoplastic edisease, duct obstruction or extirpative 
surgery and 3) symptomatic, the result of obstruc- 
tion of small bowel lacteals by neoplastic or in- 
flammatory processes. The general opinion is that 
the two cannot be differentiated. 

Hornsby and Bayling in a study of 19 cases of 
sprue in comparison with 10 cases of pancreatogen- 
ous steatorrhea found in all cases of both types 
steatorrhea was present, 

In 3 cases of sprue sufficient gas-distended 
loops of small intestine were present to resemble 
paralytic ileus; this did not occur in any case of 
pancreatogenous steatorrhea; the moulage sign was 
frequently present in sprue, but not found in any case 
of pancreatogenous steatorrhea; coarse folds and 
flocculation were more frequent and pronounced in 
sprue; neither group showed striking change in 
transit time in about one-half of the pancreatogenous 
steatorrhea patients, whereas only four of those with 
sprue showed relatively normal intestinal patterns. 


INTESTINAL PARASITES (Fig. 255D). Most 
intestinal parasites are small and cannot be recog- 
nized as such roentgenographically. They manifest 
themselves only by the irritability which they produce 
on the intestine. Hookworm infection manifests its 
presence roentgenographically by irregular segmen- 
tation of the small intestinal pattern; this is not spe- 
cific, however, and may be caused by avitaminosis and 
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its way between the intestinal coils and producing its 
impression upon them. By this means it has been 
possible to give the surgeon much more accurate in- 
formation as to the condition present and to facilitate 
his approach to the pathological lesion. 


POSTOPERATIVE PSEUDOMEMBRANOUS 
ENTEROCOLITIS. Prohaska et al. have reported that 
postoperative pseudomembranous entercolitis is an 
acute colonic affection which is extremely fatal if im- 
properly treated. It usually follows surgery in the 


bowel or abdominal organs and its full significance is 
not fully understood. 

Roentgenologically the large bowel is most fre- 
quently involved and is enormously distended with gas, 
presenting a shaggy appearance. There is severe as- 
sociated diarrhea which is followed shortly by collapse 
if not promptly treated. 

Seven cases are reported which responded 
promptly to administration of corticotropin (ACTH) 
with prompt relief and recovery. Others were re- 
ported, in which failure to act promptly, resulted in 
failure. 
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Only very rarely is helpful information obtained; oc- 
casionally a large walled-off appendiceal abscess 
may cause a pressure defect on the cecum. If any 
roentgen examination is carried out at all, it is more 
advisable to make it without any manipulation and 
with the least disturbance to the patient. Frequently, 
a flat anteroposterior film of the abdomen, with 
patient lying on the back or on the left side, may ren- 
der valuable information. The area of exudation 
causes displacement of the cecum and terminal ileum 
which frequently are outlined by gas from localized 
spastic ileus incident to the inflammation. Observ- 
ance of the flank shadows will sometimes indicate 
whether an exudate is present and whether it has in- 
filtrated the abdominal wall. 

The subject of acute appendicitis cannot be 
passed over without calling attention to the close 
clinical resemblance of the disease to acute lobar 


pneumonia in children, especially when the pneumonic 
involvement is on the right side. This is so well 
recognized and so frequent that it would be hazardous 
to operate on any child for appendicitis without previ- 
ous Chest examination. 


GANGRENOUS APPENDICITIS. Fisher has 
pointed out that gangrenous appendicitis may be 
diagnosed from the following findings: 


1. The normal appendix contains gas only 
transiently and occasionally. 

2. A constant gas collection, without fluid level, 
may be seen in the subhepatic appendix, or with 
marked cecal distention. 

3. A dilated fixed gas-filled appendix with a 
fluid level has been described as a sign of gangre- 
nous appendicitis. 


I, 


THE COLON (Chapter XX]I) 


I. ANATOMY 
Il. ROENTGEN EXAMINATION 
Il. PATHOLOGY 


A. Anomalies 
1. Of length 
2. Of position 
a. Nonrotation 
b. Descent 
3. Of fixation 
a. Mobile cecum (inverted) 
b. Volvulus of cecum on its long axis (Rotary ileus) 
4. Of size 
a. Megacolon (Hirschsprung’s Disease) 
5. Malfusion of the omental layers 
6. Duplication of the entire colon 


B. Colitis 
1. Infections 
a. Acute colitis 
b. Ulcerative colitis 
c. Tuberculosis of colon 
d. Amebic dysentery 
e. Luetic involvement 
f. Lymphogranuloma inguinale 
2. Spasticity of colon 
3. Redundancy of colon 
4. Mucous colitis 


C. Obstruction of the colon 
1. From adhesive bands (postoperative) 
2. From peritoneal veils and membranes 
3. From strangulated hernia 
4. From pressure or invasion of extrinsic or metastatic growths 
5. From intrinsic growths 
a. Carcinoma 
b. Polypi (Multiple polyposis) 
c. Pneumatosis cystoides intestinalis 


D. Volvulus 

E. Intussusception 

F. Diverticula of colon 
1. Diverticulosis 
2. Diverticulitis 


G. Imperforate anus 


H. Foreign bodies in the rectum 
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Chapter XXI 


COLON 


ANATOMY. The colon skirts the outer margin 
of the abdomen from the cecum, through the ascend- 
ing, transverse and descending portions, and sigmoid 
to the rectum. It is much larger in calibre than the 
small bowel, to permit the longer sojourn of intes- 
tinal material for absorption of fluids. The muscular 
coat has a longitudinal layer which, unlike that of the 
small bowel, is concentrated into three narrow 
elongated bands (taeniae coli). These muscular 
bundles are shorter than the colon itself which re- 
sults in formation of numerous pouches in the bowel, 
(the haustra coli). Transverse rings of mucous 
membrane separate the haustra coli. 

The ileocecal valve guards the small intestine 
from reflux of fecal material except under unusual 
conditions of colonic pressure and disease of the 
valve. This is accomplished largely by the valvelike 
action of its two lips which are firmly approximated 
by the pressure of colonic contents. Recent investi- 
gation would indicate that the ileocecal opening is 
further guarded by a sphincteric action of smooth 
muscle, (Lasser and Rigler). 


CORRELATION OF ROENTGEN AND CLINI- 
CAL PHYSIOLOGY OF COLON. In any attempt to 
study the colon a correlation of the clinical and 
roentgenologic facts must be made with the physi- 
ology of the colon. This has been well done by 
Nathan (whom I have quoted briefly) whose exception- 
ally informative article is recommended to all who 
are engaged in this work. 

Peristalsis of the colon has been minutely 
analyzed and has been found to consist of 4 types of 
contracting waves. Type I and III waves are small, 
of short duration and last only five to twenty seconds. 
They are not preceptable in roentgen examination; 
the Type II waves, formed by changes in base pres- 
sure are apparently the tonus waves. Type II waves 
last from twelve to sixty seconds and are what con- 
stitute the tonus of the intestines. There function is 
mainly a churning motion. Type IV waves are the 
principal waves producing propulsion in the bowel; 
they are seen as strong wave motions which produce 
mass movements of the colon, starting just distal to 
the cecum and traversing the colon to the upper por- 
tion of the sigmoid or at times traversing the entire 
colon. 

Similarly the small bowel may propel its con- 
tents by rush movements or may show physiological 
obstruction depending upon whether the colon is 
filled or empty. 

The average colon capacity is about 1 1/2 to 2 
quarts. Pressure measurements indicate that mass 
movements take place at 138 cm of water pressure. 
They rarely occur until at least 1 liter of water has 
been introduced indicating that they rarely occur 
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until the splenic flexure has been reached or until con- 
siderable distention of the colon has been produced. 

Water absorption is recognized to be one of the 
functions of the bowel; its main occurrence in the 
coecum and ascending colon. The innervation of the 
colon, as all other viscera is both from the sympa- 
thetic and the parasympathetic nerves and is very 
complex. Sensation from the abdomen may travel not 
only by the visceral but also by the parietal nerves 
which innervate the parietal pentoneum. This may 
give use to a wealth of reference nerve symptoms 
which may aid in the diagnosis or may at times con- 
fuse the issue. 

Most peristaltic activity which occurs in the 
colon is without manifestation to the individual. Mass 
peristalsis however is usually recognized as an urgent 
desire to move the bowels, if it is resisted it pro- 
duces a sensation of cramps. 


Effect of prngs. Physostigimine and neostig- 
mine are pro y the drugs most commonly used in 
radiology for parasympathetic nerve stimulation to 
increase mass peristaltic movements of the colon. 

Atropine sulphate is one of the drugs most fre- 
quently used for inhibition of motor activity of the 
colon. 

Morphine sulphate is used not only for its sooth- 
ing and tranquilizing effect but also because of de- 
crease in motility and propulsive force without less- 
ening the tone. 

Castor oil, acted upon by fat splitting enzymes 
evolves glycerol and ricinoleic acid which is highly 
active in production of catharsis. There is little in- 
crease in effect beyond doses of 15 to 30 cc since 
greater doses are expelled by the catharsis. 


Roem een Examination of Colon. The first step 
toward satisfactory examination e colon is to 
cleanse the colon of fecal material. As recommended 
by Nathan this consists of the following: 1) Clear 
liquid diet for 36 hours prior to examination beginning 
with supper; 2) 30 cc of castor oil at bed time on the 
night of the first liquid supper, 3) 1-1/2 quarts of tap 
water as an enema at about 4:00 p.m. on the day pre- 
ceeding the examination, 45 cc of oral phospho-soda 
may be substituted for this enema; 4) repeat enema 
at bed time. 

Circumstances may alter or modify this routine. 
If the use of castor oil is too drastic, other substances 
such as X-Prep (a preprietary) or other drugs may be 
used. 

During the administration of the barium enema, 
elevation of the enema can for 3 to 3-1/2 feet should 
produce sufficient hydrostatic pressure for the intro- 
duction of the barium solution without discomfort and 
with safety. The tortuous path of the rectum and lower 
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sigmoid causes overlapping of the areas; the patient 
is rotated to the left to overcome this, permitting 
clear visualizing the entire rectum, and lower sig- 
moid unhampered. At both splenic and hepatic flex- 
ures, rotation of the patient may also be necessary. 
In the compressable portions external pressure and 
palpation may be of value in detecting lesions of the 
colon. 

An after-evacuation film is essential both to 
obtain a demonstration of the functional accomplish- 
ment of the bowel as well as to obtain a second view 
with less bowel content. If reflux of the barium 
enema into the terminal ileum obscures the lower 
sigmoid it can usually be removed in 30 min. by the 
ingestion of 3 glasses of cold water. The same use 
of 3 glasses of cold water may be used to hasten the 
passage of a barium column which has remained im- 
mobile in the small bowel at the ileo-cecal region. 

Hazards of colon examination are most fre- 
quently due to trauma from enema tips and pressure 
from over-inflated baloons, such as those used to 
prevent escape of the fluid in Bardex tube. Burt 
found that 18 cms. of mercury pressure is necessary 
to rupture the outer two coats of the colon, and 21 
cms pressure is necessary to rupture the mucous. 
Such pressures are rarely necessary for introduction 
of the enema unless there is obstruction and then 
discomfort and pain are usual warning signs. In 
cases of carcinoma, large diverticulae and ulcera- 
tion, much lower pressures may cause rupture and 
extravasation; extreme care must be used where 
such possibilities exist. 

Water “intoxication” in cases of Mega colon 
where a large quantity is used, may result in exces- 
sive oedema of the structures of the body and death, 
so that in such cases physiological saline should be 
used to convey the barium. Increased contractibility 
of small segments of the bowel are caused by Type II 
peristaltic waves and are usually due to spasm from 
local irritation, often seen with diverticulitis or 
other localized inflammatory disease. 

In ulcerating colitis, in the early stage there is 
increase in Type IV peristalsis with mass move- 
ments, which as the disease becomes chronic give 
place to Type II waves. These in turn decrease and 
finally disappear along with the haustral markings as 
the colon becomes smaller and rigid. 

Bowel preparation for roentgen procedures can 
be accomplished by using a new evacuant, BISA- 
CODYL, given orally, results in a pleasing satisfac- 
tory evacuation of the bowels with use of an addition- 
al rectal suppository preparatory for barium enema. 
It is non-toxic and rarely causes any difficulty to pa- 
tient; there is no need for stiff purgation or cleansing 
enema. 


ROENTGEN EXAMINATION. Roentgen exami- 
nation of the colon may be carried out by two meth- 
ods, barium meal and barium enema. The barium 
meal gives us an idea of the function of the colon but 
rarely completely fills the gut. Twenty-four hours 
after ingestion of a barium meal the colon should be 
filled. At forty-eight hour examination the bowel 
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should be emptied except for small residues in the 
cecum and rectum—the reservoirs of the colon. The 
appearance of the large bowel by the two methods is 
very different, since with a barium meal the normal 
fluid absorption leaves the contents more concen- 
trated and dry; the barium enema, however, is fluid 
and completely fills the gut, more clearly outlining 
its contour. The haustral markings are deeper and 
more distinct when the colon is filled by a barium 
meal. Normally the haustral markings are evenly 
spaced and balanced, the lumen is central and the 
sacculations on either side are about equal in size 
and symmetry. 

Roentgenologically the two lips of the valve can 
often be demonstrated as they project longitudinally 
into the barium-filled cecum. Reflux of a barium 
enema into the termina] ileum is not attended with 
any untoward symptoms and is a matter of every day 
occurrence on administration of a barium enema. 

Twelve to sixteen ounces of barium sulphate 
mixed with two quarts of warm water is introduced 
into the rectum by means of an ordinary enema ap- 
paratus. The roentgenologist observes the passage 
of the opaque mixture as it fills the colon, scrutiniz- 
ing each successive segment of the bowel for con- 
striction, obstruction or abnormal dilatation. After 
the colon is completely outlined, the contents are si- 
phoned out by lowering the enema-can below the level 
of the patient’s body, or the patient is allowed to evac- 
uate, disclosing the appearance of the colon in its less 
distended form. For determination of mobility of the 
colon examination is made in the upright as well as 
the horizontal position. 

After this, complete evacuation of the colon is 
permitted and further X-ray examination is made. If 
there is any question of polypoid growth, or any 
questionable lesion about the cecum or ileocecal 
valve, further examination by double contrast enema 
is advisable. To carry out this procedure, re-insert 
the nozzle and inflate colon with air by means of a 
rubber bulb; the barium clinging to the colonic wall 
makes any mucosal lesion clearly visible. Where 
barium enema is to be followed by air injection, 
rugar four tablespoonsful to one and one-half pints of 
water may be used as the initial injection. Powdered 
gum acacia added to ordinary barium sulphate is 
perfectly satisfactory. It may be found more satis- 
factory to inflate the colon with air first, and then 
follow by barium mixture. ny new types of ad- 
hering barium mixtures have recently been devised. 
For the best results this procedure requires an exact 
painstaking technique. Klami has recommended addi- 
tion of hydrogen peroxide to the contrast medium for 
demonstration of ulcerative processes (see Manual of 
Roentgenological Technique). 


ABNORMAL DEVELOPMENT, In the course of 
natural development the gastrointestinal tract origi- 
nates as a longitudinal tube, extending through the ab- 
dominal cavity. The upper abdominal portion is ex- 
panded to form the stomach. A small pouch or di- 
verticulum just behind the opening of the vitelline duct 
becomes the cecum. From this point distally the gut 
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must be correlated. with. the: xeray Hidings: in every 
case, Serious errors can be avoided by shorduatau: 


type of pain, and so forth. ‘Unusual causes of colon — SOE 
obstruction are postoperative adhesione, pe ritoneal 
bands and membranes, atranguisted herniae, prea~ 


_ Bure from extrinsic growths and intussuaception. _ 
Hewet and: Ryan have reported « case of SESE 


~~ = ipamia of the colon near the splenic flexure which | 
= grew te such a size that it-obstructed the éolan. ito 
=. "Phere was a tendency to intussusception of the mass 
3 erie eat this was not complete. ae ‘ 


Nathan sod Newman have cobenlancsd: great 


ee -gatialaction’ at the end of the ordinary barium. enema. - 
te add air tothe ‘colonic mixture in the amount simi~ : 

_ dar to tat used in the enema, tn order to treate a. 
gaseous medium ‘to explore the remainder of the — oe 
~~ golun. This presents a different mene which may 


disclose added: pathology... 


« Yeeussbaceprion® ei} 568A and re ‘Even | 


: ‘on cake flat. fiim of the abdomen a crescentic gas | 
_, Shadow mayark the site of the advancing mass of. 
bower feading: to. a apeLaE af Reece Pan, 
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| (Jackson). “Tt produces a typical picture with bariam 

of enema. The advancing bead of the intussusception — 
the information obtained from roentgenologic exami~ 5. 
nation with the bowel sounds, location of tenderness, ae 


forms a rounded impression apan thé barium column 
which is quite characteristic. The barium going 


around the margin of the. intussuscepted | mass is 

- pressed out into-a thi layer between the sheaths of Rei Ae : 

~ the: intussusception giving rise toa “coiled spring® 

| appearance, Fig, 2648, (Raviteb). Intussisception 

| Msually does not cause complete obstruction of the 

_ bowel, 50 ‘that there may not be any ‘associated gas-- 

gous dilatation of proximal bowel; if there ts suffi 
elent pain or shock associated with the intussuscep-. es 
‘ton, some iocal gaseous dilatation of the bowel ac- = Sh. 

- companies the intussusception, (Fig. 284), -Figiel 

and Figiel have pointed out that intussusception is =. 

_|- not uncommon fn adults, Ins number of cases they ve 

4 have demonstrated a thickened, oedematous ilea~: va 

! Bacal valve as a possible: cause, eras 

“Intussusception occurs. most feanwentiv | in hee: Ho 

a jleo-cecal region in the terminal {leum or ‘cecum... 

Jt may occur in any location in the gastro-intestinal SEY 

. ‘tract, even the stomach {q.¥, Jar duodenum, Mig ie) 

- eenco gives the percentage of occurrence an earions ‘i Sh 

) lecations in the adult’ as fallow: re vag 


he Entero-colic: Rech es, 
— Neocecal oe 48% 
stieorolle oe 
= Secel . pee 


- Colic Ganon) an 


= a — 4. Enterir Weo-iteal ‘anly) 8 Bt 


A few t rare cages occur tn the stomach and Prec = 

| (Mauthe and Zwicky; Paulin and Marshall). Regard- 9 
| legs ‘at location their roentgenclogical appearance 18. ne faa 

. the same. Meckel’s. diverticulum aa be: the cause 

dn rare instances, (Gay): eee! 
of -Roentgenologically there is: a ‘typical adeaie: of RD ee 

th kinking folds of smali intestine within the lumen of: 
| the ‘stomach and a vartable Burouiae SUliie: defect - 

| me ty: ihe striae. o> Ce 
~ Reduction of the ituasusception oy hydrostatic : 


‘presse during barium enema is: usually safe if: 


| tarried out within the ‘first 24 hears, As the. barium | 
. Solution. enters i encounters the head of the: ints ¥ st 


ra 


i “mass with: multiple rings of distended intestine. As 
the enema proceeds: the mass: moves: eontinually : | 
| toward the cecum, With. complete reduction, the ae : a4 
| bariunr solution passes well into the termina) portion —~ 
of the ileum. Ta be sure that Feinvagination does: Aa: 
ReCUr,. observe atintervals, oe 
é A great deal depends on the preparation of the. : : 
‘patient for the successful reduction of the lesion, _ 
Girdany, et al, recommend washing out the stomach: = 
a6 a preliminary precaution to prevent aspiration Ce a 
‘Womiting occurs. Insert child size BARDEX tolun.) 0. 
‘tube and wrap baby in restraining binder befare pro S ri: 
‘opedings « do not raise enema can more than 3: ret 


above body, to prevent Application of excessive 


‘pressure. Seas as 
se “Reduction of an intussusception. af the salen by 
| bariuen enema is Meee Bale cy dn ne SOORAR. ee 


ae anlaees 


So eee was. associated with obstruction of the bowel. 
RS: Hydrostatic, pressure with barium enema is ae 
ee effective method of reduction of sacomplicated: ileo- 
peas ROH intussusception. » : 


 oglons, veils 
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“the leston: “This conservative method of reduction — 


should be performed with the consultation of a sur~ 2S 


, Bron. Bis there is. ny: question. ot the ree of the 


Pe NAST 


In a stndy of 108 « canes a cidduaencepttou by 
Girdany, et al. 87 cases respanded with complete re- 
duction by hydrostatic pressure: with baridm enema; 





ciated nonrotation: of the: bowel. and. ‘the 5th: failure 


- Fadlure: of iaicenaniat reduction ‘by pdrastatic 


susception ar gangrene. - 
: “Plain ‘feentgenographic f ndings. of Intestinal | 


| requent lesion. encountered. (Samuel), Primary gare Se 
| ginotma may octur at any toration ag the bowel. The. 
| insensitive: visceral peritoneum may permit the teston : 
= | to develop to enormous size before pain is praduted. = 4 
a ee untli it becomes of suificient size to cause inter-~ es 


terente with function and partial obstruction ig a there 
my indication ot abnormality. - 


“The tumor, growing from the mucous mem>- ear 

as brane, encroaches upon the Jumen of the bowel cons S See a 

there were 5 failures which had to be completed by i as 

_ surgery. One failure occurred in an {ntuasusception a 
which presented at the unue. In: one there Was asso- 


stricting the natural orifice. The natural fecal 
‘Stream fas: difficulty passing this point so that thas 


gat pronimal to this point becomes dilated und. often: 
<} is impacted with fecal material. On harium enema 
| examination the filling defect and constriction pro- 
duced by the growth may be small, but the secondary 
| manifestations of dilatation of the. proximal partion: eee 
_| with fecal impaction may direct the attention of the ~~ see 
Es examiner to the: site of the pathology (Big. 265B). Sie pieced 
"pressure suggests the presence at fieo- teal toh Sal ie Sen REN 


obstruction are contraindi¢ations to the use of ee e wate 


static pressure ard usually indicate ileo-fleal_ ins ee 


SS » tussusception and gangrene. ss get 

a -Girdany et al. have ‘warned agatnat attempts at eas 
reduction of intussusception in which plain roentgen— NY eae eee 
nal obstruction are pres- ee Oy 


ographic findings of intest 
ent by hydrostatic pressure. ‘In ‘any.case where hy-— 





drostatic pressure fails to result in reduction of the | 
intussusception this. sogegests the prenence of a Heo Seer 


- ilial lesion {small bowel) or gangrene, ep Eee 
Avery complete. review of the subject is given Saget 


by Helmer. 


The dubabeahal | reduction of intussusception. by =e 3 n ; 


bariui etemia using low pressure till diagnosis is — 


made; then high pressures (1.5 meter: peoeserel for” : Be ts } it 3 


reduction. ‘Emphasizes successful reduction.” 


| CARCINOMA OF. EOLON* (Fig. 265A). et 5 eas Pa 5 
_ plete large bowel obstruction; postoperative adhe- a f we pe vo 
ees membranés. play a definite partes ered 
= eet mallyaancy, ere is Be far the: most | 
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| ee si pedgiodatea eartinomatous, sen mhe ihe. 965c) | 
ES “| entee spring ftom one side of the gut and project. into” 
| Ste tumew but do net necessarily obstroct, do not. 3. 
| eause any change if caliire of the colon and may very: 
| aasily t be overlooked. The detection of carcinoma- °°. 
‘| tous fesions of the colon often taxes the abmipat skit: 
tof t ‘the: roenigenotogiat. 


The gite of most frequent ‘iavAlvEmEde is if ‘that 


a “recto-sigmoid area, a location in whlch the redun-- 

| dancy of the bowel may calse overlapping and ob-- ~ 

adhe - geuring of the lesion: {Aultbors,. Morales and er 

|. Detailed examinatians of this area with the patient. in 

sgt NEE othe left posterior and right anterior oblique views 

| may be of advantage. in demonatrating the: lesion: tt. 

| itis obscured by an over-disiended rectum, d 

| after filling the upper: segment way permit vaualiza- Se 

| tion of an otherwise obscured fesion.- A: PASAT Sates 

| Lapine’ view, taken with the patient sitting | ‘Dn. the. 

| Bucky diaphragm tabie, with ‘body. filly flexe 


rai nage. 








3 , may 
clearly demonstrate 4 lesion of this area “which may - 


|. have eecayey 2 detection in. the other: views eae es 
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| and Elkin). ‘Multiple selaua he ruecthngse may occur it 
pit simultaneously in various locations in the large a 


“bowel, '(Tondrean). s 
7 Molnar reports: a case with 5 pritiary ddan, 


eaecintiaion. of the colon, all ‘simultaneously. present. nae 


There was no evidence of conrotnitant: adenomatous: 


polyps on the removed apecimen,. “Attention. is. called ae 


‘to the: greater incidence of a secind primary Mies 





ates Tignaney th persons who have had one ‘cancer. - = ional 


- other similar case’ report vould te found in. tre: 
English literature. = : 

. Analysis of 901 operated cases od carcinoma 
of the colon and rectum by Swinton and Counts © 
showed that there was an absolute survival rate oF: 

A Tor the entire series with a death rate of 5.6%. 

Operative procedure has reached a-high degree. of — 

precision and further improvement must look largely 
| i, Amprovement in, early barium enéma ‘exam. 


“Tumors occur very frequently in the rectum fn a 
the region of the pough of Douglas forming @ recto-- — 
genital growth in the rectum, These frequently oe 


in the rectint and are demonstrated by barium © 
venema. Prorm thetr intimate association with: the - 


“adjoining loop of rectum they may give the. impres- . a 
sine of being: Qltside of the adjaining loop, (Huitborn, ‘| 
| . These-are known as “shelf tumors” since: the: ag 


7 ak isin the. recto-genital. septunt or peritoneal - 
pouch.” “Thess i fartor ja shown to be fi 





of the upper part of the recto-genital. septum andthe | 
| aatertor tectal wall dag to. Peles ee Same iny. |: 
| bloody mucous stools and sometimes tra fy 
a - hemorrhages. - “They should be thought. of asa possl- oe 
us - bility tin: every obscure case. having these ‘symptoms — 
} where ordinary varivm enema examination has not 
| disclosed the cause, . Bere AS ip other hollow. organs, 
pies ae amie ania prs ‘oyectt . rk, Bee 


. ie timorous: or endometrictic—of the aenDHS itself or 

“S tones ti, Oougias “pouch. 

Bee bn view. ‘of the necastonal occurrence of shelt 
ts ‘aeons ‘of the rectum (carcinoma of rectum) ali. 

_Yactal tumors should be given thorough. examination 
a aul meee. ; bation § Bo Boney. Be 





| ENDOMETRIOSIS C OF siGMOID (igs: 286A ‘nk Ve ic ‘er 
8). “Bhdometriosis of akemors « colon or rectum ac~ | 


. enema. 
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t nopaiag to Spjut ad Perkins pasabsisten carcinoma _ 
1 yery: closely, “The: diagnosis depends on demonstra~ — =e 
_| tion of an intact. macosa by air injection and barium ~ 
‘The defect measures approximately from 2. 
- to 7 cm In length. . Usually there is an. accompanying — Bae 
histary of ‘persistent carcinoma of cervix or enda- =~ 
| metriosis of pelvis elsewhere resulting in BeNeruction. ers Eo 


Multiple plypoid growths may be: encountered - 


: : ‘springing from the mucosa of the colon. Such: polypi. 
“nay de solitary: of they: may be so numerous: as toal> > so 
3 most pitts the lumen of the gut; no matter how prunes 
4 they are, however, they never cause complete ob- eo 
) ..| strection of the bowel since they are. peduncilated 
and are freely movable within the gut. They give rise ne 


to periodic: anexplainable attacks of diarrhea, with = 
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nasopharynx accompanied by peculiar pigmentation 
of skin and mucous membrane.” This case, a 13 
year old colored girl, her mother and one male 
sibling were free from disease. The nose showed 
telangectases and there were enlarged tonsils. The 
roof and hard palate showed numerous (50) areas of 
pigmentation; clusters of polyps in the large bowel— 
irregularly arranged—resembled feces. All 47 re- 
ported to date were complicated by intussception and 
hernia, potentially malignant intestinal polyposis and 
oral pigmentation. 


To avoid this another method of examination 
has been devised utilizing contrasting mediums— 
barium sulphate solution to provide the denser 
medium to coat the intestinal wall and the surface 
of the polyps, and air to provide a medium of lesser 
density than the soft tissues to throw the polyp into 
relief. Such a double contrast enema is carried out 
by first completely cleansing the bowel of all ex- 
traneous material, with 2 oz. of castor oil the 
evening before, and high cleansing enemas the next 
morning on the day of examination. 

First: using a viscid barium sulphate mixture, 
introduce the solution to the region of the hepatic 
flexure of the colon. 

Then, drain the solution back into the enema 
can by lowering the can to the floor. 

Next, inflate the colon with air by means of a 
pressure bulb until the entire colon is distended as 
indicated fluoroscopically. 

Finally, withdraw the nozzle and make exami- 
nations radiographically in the A-P, upright; right 
and left lateral decubitus, and axial view with the 
patient seated on x-ray table being well forward. 
The latter view and a P-A view are of the pelvis 
only and may be best accomplished immediately after 
the patient has expelled the remaining fluid barium 
solution from the rectum just before the air, (for de- 
tailed instructions of the technique the reader is re- 
ferred to the Manual of Roentgenological Technique). 
The tenacious barium sulphate, clinging to the mu- 
cosa and covering the surfaces of the polypi, is 
thrown into bold relief by the air in the colon, 
(Douglas; Stevenson). 

While this method produces beautiful roent- 
genograms it often presents pitfalls in diagnosis 
which are very aggravating; small fragments of fecal 
material remaining after cleansing preparation may 
resemble or may hide polyps; bubbles of air from 
the inflation procedure may resemble polyps; di- 
verticula may be very difficult to differentiate from 
polypi and overlapping of loops of the colon may ob- 
scure small lesions. 

Stress is layed upon multiple barium enema 
examinations in the detection of polyps. Small le- 
sions may require painstaking technic and close ex- 
amination for their detection which may be best af- 
forded by repeated barium enema and double contract 
examinations. The lesions, altho small, may best be 
demonstrated under repeated examinations because 
of different relationships under different conditions. 
Even this is largely chance. 

Villous or pappilomatous adenomas sometimes 
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involve the sigmoid and rectum where they form large 
pappilomatous masses which fill the lumen of the gut, 
(Frye). There is a strong tendency toward invasion 
and malignant transformation. 

One very common symptom is the profuse dis- 
charge of mucus formed by the tumor. The mucus is 
usually found separated from the stool. 

These, and other difficulties of double contrast 
method of examination, have led to the recommenda- 
tion of the use of a thinner barium mixture, 75 grams 
of barium sulphate and 5 grams of powdered gum 
acacia to two quarts of water, has been recom- 
mended, (Doppel and Bercow; Potter), as a contrast 
medium. It is believed that by use of this thinner 
mixture small lesions such as polypi will not be so 
easily blotted out by the opaque mixture. 

Carbon dioxide may be used in place of air. 
Comparative study was made by Levene of the use 
of carbon dioxide and air as mediums for double 
contrast study of the colon. Carbon dioxide was al- 
most completely absorbed from the colon in 45 min- 
utes; air showed little if any absorption in 2 hours. 
Moreover, the carbon dioxide injection caused no 
pain whereas the air caused cramping pains. This 
would indicate the superiority of carbon dioxide for 
this purpose. 

The use of higher kilovoltage technique has also 
been advocated with regular barium mixture, (Gian- 
turco and Miller). The higher kilovoltage penetrates 
the barium-filled colon more readily. Robinson has 
reviewed the advantages and disadvantages of the 
various methods of examination for this purpose and 
has suggested a judicious utilization of them all. He 
now relies on a single contrast barium enema study 
in which the barium column is made translucent by 
high kilovoltage exposure, controlled syphonage and 
extensive use of spot films made with compression. 
Fundamentally, the procedure is an elaboration of 
the technique developed by Gianturco and Miller. 
Andren and Frieberg have observed partial regres- 
sion of polyps of the colon in children over a pro- 
longed period by the double contrast method. 


“Baridol,” a finely divided barium sulphate, 
has tenacious qualities especially advantageous in 
double contrast colon examination, likewise it does 
not dry out as quickly as ordinary barium mixture 
and does not checker. It has one disadvantage in that 
it is thick and viscid requiring introduction with a 
syringe. (Manufactured by Pacific Chemical Co., 

617 Montgomery Street, San Francisco, California.) 
We have found ordinary I-X barium meal satisfactory 
for this purpose, (Dick X-Ray Co., St. Louis, Mis- 
souri) utilizing both lateral decubitus position for 
examination. See Manual of Roentgenological Tech- 
nique. With examination of 1,274 patients by this 
method using heavy barium, Andrén et al. succeeded 
in detecting polyps in 12.5%. Ninety per cent of these 
were under 1 cm. and 60% less than 1/2 cm. in size. 

If the region of involvement is small and favor- 
ably located, surgical resection is possible; if, as 
occasionally happens, the growths are widespread 
throughout the colon and extend back beyond the 
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ileocecal valve into the terminal ileum, then success- 
ful surgical intervention is impossible and reliance 
must be placed on medical measures, diet, enemas, 
etc. 


DESMOID TUMORS. Desmoid tumors are un- 
common fibrous neoplasms usually originating from 
the fascia of the anterior rectus muscle in multi- 
parous women. Extra-abdominal desmoids are rare 
and present certain problems in their diagnosis and 
operative management. Case description: 

At first term desmoid was restricted to tumors 
arising from the aponeurosis of the abdominal wall 
musculature; later extra-abdominal tumors were 
included to mean any fibroplastic tumors of benign 
nature that is encapsulated, and invades adjacent 
striated muscle. Probably not radiosensitive; no re- 
currence at 22 months, (Nickell, et al.). 


VOLVULUS OF THE COLON (Fig. 266A). Cer- 
tain portions of the colon, because of faulty embryo- 
logical development, may be subject to a twisting de- 
formity known as Volvulus, (Figiel and Figiel). Such 
twisting deformities may be either transverse, across 
the bowel or rotary along its axis, —axial torsion. 

It is generally agreed that the development of 
volvulus of the colon is predicated upon some fault of 
embryological development of the intestinal attach- 
ment; hypermobility of one portion of the bowel due 
to unusually long mesentery, associated with close 
fixation of another from failure of mesenteric develop- 
ment. With such predisposing anatomical variations 
many conditions may provide the exciting cause for 
volvulus development, such as: unusual physical ac- 
tivity, overexertion, constipation, purgation, hyper- 
mobility, abdominal tumors, etc. The sites of most 
frequent involvement are those in which developmental 
variations of mesenteric attachment are most fre- 
quently encountered, the cecum and ascending colon, 
and the sigmoid. 


Volvulus of the cecum and ascending colon is 
characterized roentgenologically by extreme gaseous 
distention of these structures showing, in the upright 
position, one or two elongated fluid levels within the 
dilated bowel, (Jakobsen, Frimann-Dahl). The gas- 
distended cecum can usually be identified without dif- 
ficulty owing to its enormous size since small intes- 
tine could not possibly be distended to such a degree. 
Depending upon the degree.of obstruction which may 
be associated with the volvulus of the cecum, there 
may be associated gaseous dilatation of the adjacent 
small bowel. Torsion of 180° or less may permit gas 
to pass thru the constricted loop so that it may be 
possible to have volvulus without associated complete 
obstruction. Displacement of the cecum and ascendin 
colon into some other position in the abdomen, depend 
ing upon the degree of torsion and rotation, is one of 
the distinguishing features of volvulus. This may 
manifest itself as a larger oval or kidney-shaped gas 
balloon in the right hypochondrium, prevertebral or 
left subphrenic region, (Mondron, et al.). Failure to 
detect the cecum in its normal position in the right 


lower quadrant of the abdomen at once leads to suspi- 
cion of displacement from volvulus. Cecal volvulus 
may be secondary to a left colon obstructing lesion 
and such should be sought by a barium enema exami- 
nation if there are no contraindications. 

Detorsion of volvulus of the right colon is pos- 
sible at times by barium enema and change in the po- 
sition of the patient, lateral decubitus, knee, chest, 
etc. This is accompanied by immediate filling in of 
the deficient portion of the colon by the barium enema 
and relief of symptoms, (Figiel and Figiel). As with 
intussusception and volvulus of the sigmoid colon, 
there is danger that the bowel wall is nonviable, and 
that barium may perforate the damaged intestinal wall 
and enter the peritoneal cavity. The place of surgical 
treatment is obvious. 


Volvulus of the Sigmoid.* This is another 
common location for the development of this condi- 
tion, (Hall). The configuration of sigmoid renders it 
most susceptible to this type of involvement. Axial 
torsion or twisting of the bowel along its long axis 
may be demonstrated at times by roentgenographic 
methods. It may be accompanied by twisting of the 
mesentery and interference with the blood supply. 

It may give rise to severe symptoms or may be en- 
tirely symptomless, (Norgaard). Another unusual 
location for volvulus is the splenic flexure of the 
colon. This has been reported by Buenger. In 50% of 
the cases showing volvulus or torsion of the ascend- 
ing colon and cecum at the Boston City Hospital, 
Ritvo, et al., have found some other associated lesion 
of the colon distal to the site of volvulus. Under such 
circumstances it is very easily possible to overlook 
such concomitant lesions. Barium enema may be 
helpful but this should not be performed in the pres- 
ence of gangrene or perforation. 

“The principal conditions which must be con- 
sidered in differential diagnosis are paralytic ileus, 
mesenteric thrombosis, pancreatitis, peritonitis, 
strangulation of an internal hernia, Hirschsprung’s 
disease, adhesions, neoplasm of the colon and a 
markedly dilated obstructed stomach.” 

A typical sigmoid volvulus is revealed by a 
long dilated gas-filled loop of colon appearing to 
rise out of the pelvis. The colon proximal to the 
twisted loop shows varying degrees of distention. 
Often both limbs of the twisted loop can be seen, but 
sometimes only a single but enormous gas-filled 
structure is readily visible. The diagnosis is con- 
firmed by barium enema which shows a normal 
rectum and recto-sigmoid colon up to the point of 
obstruction, the twisted loop. The barium coming up 
against the twisted loop has a point shape, resem- 
bling the ace of spades. This appearance may be 
only fleeting, for reduction of the volvulus may be 
accomplished by the barium enema. Actually reduc- 
tion by barium enema is preferred if feasible and the 
condition has not progressed to colon wall necrosis. 

A review of 45 cases of volvulus of the sigmoid 
by F have confirmed these features. 

Figiel and Figiel determined that sigmoid vol- 
vulus is the cause of at least 2% of all cases of 
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intestinal obstruction, with 2 mortality. of spanks eee i. 
ap BAO: 


mately 25% in the opsrated cases to 100% in the non-- 
operated cases in which the torston falls io reduce 
spontaneously. If this high mortality is ta be re+ OS 


duced the diagnosis. Salat Pe Bate. earlier tn a a eee { 


er percentage of cases.” 


DIVERTICU LOSIS oF THE COLON - frie 
267A), Diverticula occur in the large bowel more 
eommoniy. than in any other portions of the aaa.” 
intestinal tract. They occur most: frequently in the - 
: sigmoid and descending colon but may be present tn 
any location, They are more common in maies than © 
- in females, and in the older age patient. Diverticu- A 
- losis is probably the: most frequently encountered 

<Tesion ofthe colon, 


Small sacs of raucous membrane ‘protrude cute : 


eS ward between weak places in the muscular fibers: of 

the gut to form. blind pouches; connected with the — 
lumen: of the gut. They usually are much smaller 
‘and more numerous in the colon than at any other — 
point in the gastrointestinal tract. (They are wee 
‘patent, allawing bowel contents to pass into and Or 
them. The diverticula. themselves are devoid of © 
muscular structure and empty only because. of con- 
tractions of the remainder of the colon. 

: “Roentgenologicaily they appear as. paddike pro 


jections extending outward. frosm the: ining ‘of the gut | 


at the tips of the pouch~lke: proteusion. ef the haustra 


coli, they are elther completely filied with opague mix~ | 


AEG 


ture or show rings of opaque material about their - 
_ fecal content. - “They may retain bariem for several — 


—<. days after eomplete evacuation {rom the rest uf. the” 


bowel. The mere presence of diverticala ‘without: 


evidence of local spasm or iaflac pation is inown & ae i : 

Gs >) earetnomaleua.: To add to the difficuity in diagnosis, - 2 
| such diverticuta may rupture: spontaneously with de- Se ee us 
velopment of abscesses which may extend into the — 
‘ Rladder or vagina, prorae ing: f iatulous tracts Riwartls: 


oS diverticuiosis SSIS OE the colon. oF 


eee 






cally by local spasmodic contraction. of the gut; and 


_ the forniation af a tender palpable mass. As the in- ~ 
flammation subsides, the plica semilunares: become Sep 


thickened and the haustra become narrowed and = 
deepened giving a gaw-toothed appearance which ts 
. pees evience: of uipvione alyerticulitis: not an 





Fig. 267A. 
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DIVERTICULITIS OF THE COLON* ine ne, ; 
F ently, however, chronic retention at fecal mas 
terial in these diverticula results tn tocal. inflamma. wo 
tion and infection which is manifested roentgenologi- |. 
a5 Bp LOICAE. Appendites epiploicaes are in reality 

about 3 c.-stized globulew of fat contained within 2. 
pouch-itke covering of intestinal serosa which: hang. 


which they. may become involved. reentgen: 

- evidence ja present it usually ‘takes: cn the form of - 

“ | a twisted knuckle of gut constricted ar.* strangled” 

“Ae A) oy an-elongated, appendix epiplotcae structure: PS 
Deft “which encircles, anid constricts the bowel. aid edises.” nee 

oo a appearance even like a concentric: filling: ‘etect.: z 

OA tn its. gangrenous. state. it may ortginalig. Show. only . 
Wee in a ae indenture Dn the. adjacent aide: iF the ean. aga Boe = 


indication of active inflammation (Goulard and. 
“BY: Correlation of the clinical signs and pempe ms . 


. toms, ‘with the toentgen examination and the operative: .~  — 
dindings ina large number of casea, Wolf, etal., have ~ 

| -come to certain valuable conclusions: concerning the seu 
oO Ege ee of these two conditions. 9 


The mere Prenence of diverticula even swith fre 


os | Serums plicae is not sufficient to indicate in- Tee 
_ {| tection and is probably incident to the changes pro- 
“| duced by the formation of the’ diverticula, Even : 
-*gerration” of the bowel. margin, if the segment. Mee 
| the bowel is pliable, does not. necessarily indicate in~ = HES 

ea | fection. Diverticulitis, on the other t Re 
: | by. a failure to fill with barium the diverticulum: which: J 
7,8 the origin of the inflammatory process. ‘The in-.— a BE 
| flammation may subside and these may heal only to — Ree 
ae ee repeated by the same. process in others; When —- Siete Sy 
ob drainage dees not take pl 
| and the process: spreads ta the surfounding tispues: 
: ~even.to the peritoneal covering and an otiesamnnlony: 
I mass ‘ensues, 


and, ia indicated: 





- 


ace infection supervenes:— 





A ‘working classification of diverticulitis has 


P been ‘postulated by Wolf, etal: 


1. Acute diverticulitis with o or without: pectasatinn Syke 

as Recurrent: or raultiple acute diverticulitis. melee 

Ss ‘Healed | or subsided diverticulitis, single’ or 

Ae ‘Chron: diverticulitis with ¢ or without demon- nee 
 strable fistula and sinus formation. Bs 
. Carcinoma ol the colan may develop on the beaten: 


@ Ae an at chronic: inflammation from diverticul tis awe 
| Abmies it may be almost impossible tc determine whe 


ther the palpate mass is inflammatory or. -actiaily 


_ INFLAMMATION OF APPENDIC ES EPI 


down from the large bowel into the pertioneal vavity.. 


| They are about 100 in number. ‘Their fonction is: not, 


inimediately evident but it is supposed that they. act 


-as safety mechanism for the redundant: ‘U-shaped © ee 

| blood vessel within {t when. the intestinal wall is col : % oe 3 
| lapsed and prevent. compression and abliteration of | 

|} the lumen when the bowel is distended. Fieber snd — 


Forman have innumerated certain conditions, under 


pte he ae ego SO Ie 
- tay = -* _— - 
ee <3 = LR 
eats et * 
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BE ges produced ee inlamemiory or -othet 


laniona: ot the appendices eniplaiese. are Ge primari< 
ly to secondary effects produced on the’ adjacent por- > 
tions of the colon. 7 vases of diseases. of the BERET he 


dices epiploicae exemplify the various programa 
which may oceur. ‘Roentgenographic findings have — 


‘been. clear-cut and positive in 2 cases and puspestive. 
in 2 others. The experience derived, in one case per- 


mitted the surgeon. te suggest the correct diagnosis: 
preoperatively in one of the subsequent casea.: “The 


remaining 3 cases were too acute for. ‘roentgen ex+ - 
amination. | ‘These ao cases AY. be. classified a as fols oe 


lows;: Ros GN 
ke With poenteen chaneens: 1) ‘Barhim enema 





tye of carcinomas; 2) barium enema examination 
- showing: intramural defect. Suggestive ofa benign 


tumor}. 3} barium: enemies: examination. showing ee 


of sigmoid associated: with email ‘bowel diztention — 


that of diverticulitis, — 


cerpersted hernia. 





PEIRCE DES OF ROENTGEN { INTERPRETATION _ 
inverted position go that the rectal gas distends the 


eng 





the rectal pouch.. ‘The distance between: 


4 the distal end: ‘of the: gut and the thermometer marker 

LAE is the distance over which continuity of the gut will 

| have to be established. It is advisable to hold the 

| child with buttocks: elevated for five to ten minutes. — 

_| before x-ray examination to assure maximum: filling | Amr 

| of the rectum with gas, (Wilson). The rectum may De Ne 

i. | tilled with meconium so that gas cannot enter; to be. < - 
j-aafe it is ase acwisable to take a a labeses Slew 8: a 
ae rectum also. s see 


- GEOPHAGIA, ‘Glagen anak Gbamuaxe have seas 


| examination showing conatriction of sigmoid sugges S | attention to the possibility of Geophagia or clay eat~ 

| ing as an explanation of massive amounts of radio- © 

mR b opaque: Material inadvertently found in the colon. 4 

This laa practice extensively { allowed: oF asait negro ee 
Se women in HOME. parte: of ‘the South.” pease “ 

resembling obstruction. OT: localized leu guggestive | - Ear 

of * sentinel loop,” oth a clinical pieture resembling Ses ae 

oe as i 

~B, Without toentven changes: 1) Typical pic- ae 

tire of acute appendicitiay 2) involvement { in an ih eS 


__ Eorslgn Bodies 8 the ect All manner ol 3 Es 






from fragments ota ‘Solna ‘hibe and‘é gnema soem © te } 


- full-sized glass tumblers, electric light bulbs and — 
es oe erockery preserve jars, Prisoners frequently: Ben 


| crete bottles containing riorphine in this’ manner— 


-IMPERFORATE ANUS ‘tle 267C), ‘Orcaaion-. ot 
ally, at birth, if may be found that the rectum has not 
established proper. connection with the anus {imper- J. 
. forate anus}. Sach a condition is of course. isaetac de ea 
patible with life and must be remedied surgically, 9 | a 
a stances in which repeated berium enemas: fave Ais- 

4 closed further: infor mation on. subsequent ex 


The amount by which the gut fails to meet with the | 
anal margin is the Sie beiporignt consideration. ate: 
surgical operation, 


This. information cz can be obtained ins 3. very ine a. 


genious manner devised by Rigier.. “The bulb of a 


fever thermometer is placed at the anal margin to: 





actas 4 marker for localization of thia spot. Reent~ 
geoographic. examination is real: ol the: infant in an an 





| tumor or localized inflanimatory process, — dase 


spot roentgenography. 
pr moving grid on ee ‘Auoroscope seems: almost ina: ¢:: 
: dispensable. 3 3 


Perforation of the bowel wall by an ingested or ane SS : 


formation, with radiographic finding 





3 ‘simulating © 





 Beaum has been impressed by the many ae ea 





ni ap: i 
{tis dmportant that the examiner realize his” 


€ responsibility when roentgenologically studying tire ~ 
ad: colon, Many patients have a great deal at stake. 
. Therefore, each. examination should be approached — 
| witha high degree of suspicion rather than with the 
indifferent concept: that all asd well unlesa somehow - 
E ulthchen otherwise. i 


Adequate prevaration of the patient is ae 


4 mount, ‘Only 24-29 per cent of the patients both hos pee 
| pital and private, are satisfactorily prepared when 9° ~ 
, they. BEER at ee seulpioehe Separtment, This figure Bee 


Sdoated.” Bras series of more than 500 cases. studied 





by this metho adequate preparation was observed at ; : 
the first examination in 25% and at tie second exami~ : 


nation in 75% of the cases: Achievement of success” 
| es in the immediate successive performance of the - 
| two barium enema examinations, = = 


The barium column in-each sberbat ‘ot the ue 


- pactiotante the sigmoid, ‘must be of such density. that — 


itis readily penetrated by the roentgen ray beam, — 


‘otherwise the examination will remain. imsuccessicl 3 


Gverdistention of the colon should be. avoided 


at ‘where control of the degree of distention is sesh 3 


_A satisfactory contrast should be present for 
In this respect, a stationary 


The barium: Sospensinn: used for niuconal at vidion : 


} zhould cuntain tannic acid or an equivalent substance; 
ve this Be o0. sony the palon of barium in preparation E 


-serted foreign body will result in absces@ or ree < : Ee 
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for the second barium enema examination which is to 
follow or for the air insufflation study that may be 
contemplated. 

Positive findings must be confirmed by re- 
examination on another day. 

All acceptable procedures must be utilized in 
whole or in part with proper discrimination and well 
considered selection. No one procedure has been 
uniformly successful. This applies to fluoroscopy, 
full colon roentgenography, mucosal pattern studies 
and air contrast examinations. 


Doyle has reported the occurrence of a large 
diverticulum of the colon; its contraction after the 
barium enema evacuation indicates that it was a true 
diverticulum with muscular coat. 

Similar types of error to those seen in chest 
diagnosis have been noted in fluoroscopic gastroduo- 
denal diagnosis, as indicated by Etter et al. Wide 
variation of opinion was noted by various well trained 
experienced radiologists; the human element is still 
widely operative. 


419A PRINCIPLES OF ROENTGEN INTERPRETATION 


QUESTIONS ON THE GASTROINTESTINAL TRACT 


Questions marked with a dagger deal with rare and less-important conditions. 


1. What opaque salt is used in the examination of the gastrointestinal tract? 


2. Give procedure usually followed in making an examination of the gastrointestinal tract. What is a 5-hour 
meal and for what purpose is it given? 


3. What position do disclike foreign bodies assume when lodged in the upper esophagus? Trachea? Why? 


+4. What are the roentgen signs of congenital atresia of the esophagus? How may associated broncho- 
esophageal fistula communicating with the lower segment be demonstrated? 


5. Describe briefly the roentgen appearance of benign stricture of the esophagus. How are such strictures 
acquired and how may they be differentiated from malignant conditions? 


6. Describe briefly the roentgen appearance of cardiospasm and to what is it due? By what distinguishing 
characteristic may it be differentiated from other types of esophageal constriction? 


7. Describe briefly the roentgen appearance of carcinoma of the esophagus and explain. What is meant by 
lower esophageal ring; does it have any relationship to carcinoma? 


8. Describe briefly the roentgen appearance of diverticula of the esophagus and where do they most fre- 
quently occur? Name the different types and describe difference in their origin. 


T9. How may esophageal varices be detected? What is meant by “curling” of the esophagus? 


110. What are the conditions known as “congenital short esophagus,” eventration and diaphragmatic hernia? 
Is “short esophagus” always congenital? To what does it owe its origin? 


11. Draw a stomach orthotonic for a sthenic individual and show all of the normal markings and label. 


12. What is meant by: sthenic, hyposthenic, hypersthenic, asthenic individuals and what types of stomach 
are normal for these individuals ? 


13. Where should the head and tail of the barium column be five hours after the ingestion of a carbohydrate 
meal? twelve hours? twenty-four hours? forty-eight hours? 


14. What are the signs of ulcer of the stomach and show by a diagram the typical appearance of a penetrating 
ulcer. What is the difference between perforating and penetrating ulcers? 


15. Describe the roentgen appearance of gastric carcinoma of the adenomatous and scirrhous types. 
116. What is Linitis Plastica and what are its roentgen characteristics? 


+17. What are the roentgen manifestations of syphilis of the stomach? Is it a rare or common lesion? What 
is appearance of emphysematous gastritis and to what is it due? 


718. Are benign tumors of the stomach rare? Name examples. How do they differ from malignant tumors? 

19. What are the roentgen-ray indications of a hypertrophic gastritis and in what condition does it commonly 
occur? Is the roentgen diagnosis always accurate? What other method of examination of surface lesions 
is available? 

20. To what are massive hemorrhages from the stomach due? What is meant by diapoedetic hemorrhage 
and under what circumstances does it occur? What is perigastric hematoma; to what is it due and how 
may it be recognized roentgenographically ? 

121. What is multiple polyposis and explain its roentgen appearance. 


122. What are tricho- and phytobezoar and what are their roentgen characteristics? How frequently are they 
encountered? 
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t23. Do diverticula occur in the stomach? Frequently? Where are the sites of most frequent occurrence? 
24. What is meant‘by marginal ulcer and under what circumstances does it occur? 
25. What is meant by “cascade stomach” and how is this condition produced? 


26. Upon what roentgen signs is the diagnosis of duodenal ulcer made? What is their incidence in relation- 
ship to gastric ulcer? Do they ever occur in children? 


27. What are the criteria of diagnosis of duodenal diverticulum; carcinoma of head of pancreas? Aberrant 
pancreatic tissue? 


28. What diagnostic points are observed in an roentgen examination of the stomach and what is their signifi- 
cance? How may ptosis be demonstrated and of what significance is it? 


29. What are the usual causes of complete obstruction of the small intestine and to what are they due? What 
is the roentgen appearance and how may it be differentiated from paralytic ileus? What are causes of 
partial obstruction? Where does volvulus usually occur and how may it be recognized? 

130. What are the roentgen findings in mesenteric hernia? 


31. Name at least three conditions in which there is associated hypermotility of the intestines and explain 
how you would differentiate. 


132. How may round worms be demonstrated roentgenographically ? 


133. What is regional ileitis and how may it be detected? What other tumorous formations occur in the small 
bowel? 


34. Can a diagnosis of appendicitis be made by roentgen-rays? Under what conditions would you say that an 
appendix was abnormal? 


35. What types of deformity of the appendix would you consider as pathological? Of what significance is 
spasm of the cecum in diagnosis? Of what significance are fecaliths? 


36. How may the large bowel be examined by roentgen examination and what diagnostic points should be 
especially considered? Name and explain several anomalies of development of the colon. 


37. What are the roentgen characteristics of chronic ulcerative colitis? Amebic? Tuberculous? 
38. In what respects does obstruction of colon differ from obstruction of small bowel? 

~39. What are the roentgen characteristics of volvulus and what portions of the colon are most affected? 
40. How does carcinoma of the large bowel appear and where does it most frequently occur? 


41. What is meant by diverticulosis of the large bowel and where do diverticula most frequently occur? 
How may it be distinguished from diverticulitis? 


42. What is polyposis of colon and how may it be demonstrated? 
43. What is megacolon; how may it be diagnosed and to what is it due? How may it be cured? 
44, How may the perineal defect in imperforate anus be demonstrated roentgenographically ? 


45. What are the characteristic signs of intussusception on barium enema examination? How may it be 
reduced? 
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All, Taal Flat film of abdomen. dasdan: anes nee datestinal: eheniesiont gas distended. jobs of Bale — 
ii Mls all bowel: ‘roximal: to obstruction, showing “herring: bone”, design’ and “ladder pattern.” The eae 
WHE Domes distal to the obstruction. is: flaccid: and the rectiim is devoid af gas or fecal material. eae 
ain Ni | BR. ‘Secoad. position,» saith’ patient, in. ‘jateral” “decubitus. ¢ ‘right. side. aippermost), and the. tag! Pees 
) projected. horiaantallg: - This: view serves best! to: show spalonle fluid’ devele an fhe bowel. and: a 
He ‘demonstrates: any possibility ‘of gas free’ ink ‘the: abdomen, Sse 
-C. Third position, with. the patient ‘on hig: back and oie x-tay Heat pooja: horizontally — ue 

- Across: abdomen. from: sickest to side. This transabdominal view ‘serves well to show Sele ee 
“ Jevels, Butts the. best posi tien. for. demonstrating exudate between the intestinal Walls) Been eas 
=D." Additional examination. by. ‘barium. enenia serves to. differentiate the’ small fram the lar ee 
bowel,” “In: intestinal: ‘obstruction the distal: portion of the: bowel: is flaccid and empty; ‘barium — ee 

_  senemis should. Miaclone: telaned, sandimnonced shataetet of salon. $3; <a 
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‘Asstounian: ay yao cat: tiarse bee ‘alikey poe 
multiple Bute. jevels’ are: Present ir ims cond Rcdeeh 
“ton glsen Note: that - Bay egtended: Joops of Sheets ia 
“Bowel: have: p tendericy to” (produce. RSUy Sass 
“epon. ‘eat! ¥: her. Algor. that entire: colon Bg digi ee “Fost ite between loops at Soi is ase 

: fended: ang ae is Ee Jn nH pectam,: he Vansabdorinal position, ; 3 
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ak SMALL INTESTINES 





ha ‘Lovalized meee ileus: ‘Recast pain’ é adeiabeae seats passage ot a tibeey ‘stone. ‘or. ‘eatilntee. a 
«8 Spastic: {eis may be tocal or general: it is. caused. by reflex. inhibition ‘of intestinal | movement 9000.) 
a alten AN dsalated. loops, always. associated. with. pain with. or without: peritoneal tfeeON oe A 





rise 


‘B. Localized spastic ileus caused by inhibition in ‘movements of the cat Sura BES oes 
"appendiceal. ahiscess, Patient as. in. lett: fateral’ decubitus. ings eR : ae re 
ee “Mesenteric: {Richter 5} hernia catised by small knuckle . bowed hhurnluting into @ tole} ins s 

: he mesentery... Extreme: ‘pain results with production ‘of a double loop of gas distended taaiet - EE 
aS om circular intestinal, yee in, ) the. ahobmed, : Rasen: dilation: is: due ta, ‘spaatié: es, a a ae: 











ROE, Ete a infesting) Lobetnerien: eae a 


Gee! . Slamek pee at margin’. ot Se se 

tnt | aoa tEs “gastro. enterostomy- ‘opening. “gigas 

Fit: SARL SAA ats eae a TUM NY aids ya tse ~~ Barium-filled crater remains (| 

F pth hte tak eRe eee ee SON fay WBE Aa aati dine “after Jocatized: Ee wate: fas 

Rete et he BO Kyi Sone. ere ore: 

BAe ha Pardiytic. ffeus frous injury: 8 ce spleen, RRS RINE pane ve ee a ? 
0 Nete the jus-filled oops. of intestine through: ee Gir Pibaae o eRe RE Ne 
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; pout the: BRUCE abdomen: nvelbing even the 
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 Baralytic: ewe: 
fram traumatic. 
3 laceration. ‘of. liver. 
Large. amount of. 
~ blood in. peritoneal. - 
wavity indicated — 
by homogeneous — 
1) density et periph. — 
aR REY and - cluster-— 
fog of gasAlled ine 
Wh) testinal “leops in-- 
“enter of ebdomen, 
| Such: injures are. 
ee requent 1 yo 
dollowed - ‘by mas. - 
sive. hemobilia— 
“even after the la-- 
“eeration: has been 
repaired, due ta: 
autolysis, bs 








a Wesco: Aaxterlal: ‘hivomsbeisis betas it. 7 : = 

16 become well established shows bizarre ap- = : sh | Soon 

senrance of gas: distibution.— ‘This. in. ) itself ee — | ‘7: 

RENE. of the condition Sie BERT ee ge BR. ‘Lateral decubitus. view showing unusual, ap 
Sars: ee Pee A ot? pearance of gas pattem 

Ge Ae the tronsabdominal view. fikewise, the” 

gas pee sa Bausuel m. LER DERTEB CS a rag 
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and large: bowel up. to the: Tegion of the epleni¢« Rexire of the colon, without gas” ink the. descend- 2 
Be calgns Or SEER esis a: Ee sigalar ae a Se pbae nen pans 
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SMALL INTESTINES 





B. An the lateral ‘decubitus. view: only. & small 
amourit of gas is seen. 


£ ‘Also in the ransabdominat view, there: is. 
almoet. comaplat absence of Bae 


A. Vancux: ‘mesen teric thrombasis showing = = s S 
‘almost. complete. lack of. gas: formation. Entife < pean 


abdomen. shows homogenous. BOpearence, due 
“to waterlogging adems, ee | ‘s 





Ee LOR ON De Roprblith ii Bp- 
OEE URSIN Bendix, Besbclat. 
EES ROU geet rd LCLAG NE SANE NLS Yi sed -waiath> -sup- 
putative ap- 
pendicitis. 











7 tee ‘af the: terminal jest neat ¢ ileorecal valve: ec 
es ‘ A Venous” “wresente ric “thrambasis - showing: ; 





. site WA ar eo ae ge gen 8 the undistended. transvérse colon, - 
peace Bras 5 Beg eae ge Lateral decubitus position also; onlya small 
Ase re ; b3 Re amount of gas: WAS. visible, cies af Dn 
REST OES ABLE ae SS Ee ee eee 3 a “NS EK Mugler). Oo 


~ aliost. complete lack of gas; only srnall ampunt 2 


SMALL INTESTINES 
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: ‘ede: ‘Peristalsis:- 


2 absent. in this. ae ae a 
© ment. pF: whe: soa a ee 


Bewel | 


~ Regional enteritis ¢ or terminal nities showing Meggan . 
haere narrowing of terminal ileum pro. - ee high. (ay ine 
ducing so-called . “sori PER: of ba small ‘jejunim: demianetsttet by 
intestine. | rem ae fa Mik Reale es atime sac ees SS 





Barium enema in a cadsé of" intusaiecdpuian: 
showing the cap-like defect of the: advanving” 
head. ‘of the: barium pressing. the invaginated © 
su bowel. - if intussusception ‘does: not ‘obstruct, 

ho, gascous-dilated ‘loops of bowel result 


Lym phobt as gaa 
toma of ama its 

~ bowel » infiltrating - ES 
the “wall causing’: fea 
lumen. of the put 

ta be enlarged and & 
‘wall to be eaues © 
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. inicenanupisie: a small ‘how! in. valon; ‘note. 
. Titg-like. appearance peoored by. ‘pressure of:. 
SOYEREING at USSUSC 
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Developmental anomaly. (incomplete isbn of 
colon; mobile: cecum.) LPO Eg GAINS BEM Set NE UE 


Wh, "e ’ 
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Waa! filling defect of the cecum due to carcinoma: 





Proais of the colon showing the transverse colon’ dencninde: 


ing almost to the symphysis pubis in the upright position: 





Mobile, inverted cecum with appendia UM 


in right upper quadrant. an a ate 


wets Aewlen'ab 06 2 


aria: of the tlanaverse: saphott: pausing : pencil-like. 
constriction af the bowel: Unless the bowel is completely , 
inbetrneted toxic: symptoms. do. bot result. , 3 
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h ra aeols vaible, bacdisae: eS e Mucaits catitinie 
oo wel Note wae distended loops ooduenae @ sepia sten e ‘the eolop. atte eyacni 





| perforate 4 anus’ ‘in: new baka. s 
. Bxamisiation, in inverted” (poste. 


om tion, shows fatlure ofgas te come os “ gres Bie 
pletely fill rectum: ‘Anus pees ergy ibe ate ote ne ie steuracl AGeide intermittent ‘obstruc- Aries 











¥ ne bulb of a Sie eartee. OE ie Sa “Hane: Malfusion of omental: Jeers Pocicotes ay pest Ogi yak oftrams. 
eae eat x s MeRS nol shee stomneh<: OU ATE eager Gor nah a a MER? TE SRM, 
he aot Set eB ie Nee SP aR? Peeps 











i as Pastorion 3 wiew, Srabral: Spel yp: Mamotunied : 
. -by bariuny mixture. B. Anterior wiew, Tec- 





pe filled, wi Pe  SeennS | 





Multiple ‘Selyaatis & ot peer “showing: polyps 
in Tectum a Boe ee elon SEE double 








Dotible contrast, enema. fi caper tally ‘useful for. dem- 
anstration of polyps. Mast successfully carried cut 
by first administering a gelatinous. barium mixture; 
. partial evacuation, and then: injecting. air, May. - 

examination with the patient. in. fight, (A), and.» 
_ left. (B), decabitus and ee (oe postiona oe 
say gives? most, Paaurtactaty © results. ee 
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Diverticulosis: of the ‘colon: eves tere humbers. ol founded 
podtehe like, 5s ‘sacs Fn On of. as mera: See of the: Bue 





: as  Sevagral al enerhings in the: transverse anit: eeeeane 
“ing, colon. The: howell, assumes. 3 ) sausage-tike: 
appesrance. Peg 








‘parte hide: enormous. ‘lation: ot desonding colon: with gas Afters evacuation - fecha 
eS put colon snl: remains. a Nes. whe ey | 


DIAPHRAGMATIC LESIONS 





i Congenieat. éventration, ‘ob thee diapttegeic” 
Fonction of this. eveorrdrion was: $i adult: hte when the: Patient 


: : Ss experienced: ‘paralysis: at: ‘a ovocal tard AS: a ‘vesult: of: ‘pressure ° 
son the recurrent Aaryripeal nerve hy @ huge: mass ‘al! intestines. 





ar into the Hhorax. 




















2 and other abdominal ani m Melani pe 





Reshignogsan: Sadie! ‘Duncan! of ce ane! pers a abe 
diaphragm from phrenic nerve’ resection. performed: more: then 
Afteen. years before Jor the Yraatment of tubercnloss 


distes bantes Soph: Saul nenees hey treves: eel 


the rst. wani-- ss 3 


Wah ae 
complete paralysis, the: disphtage. ‘gtrophies: rapidly: and Within 
@ shart time becomes « Hail fibrouy membrane: “The extreme”... 
Sisplacement of this disphragm caused unusual traction aon) > 
the stemach - ‘god ‘disodenurm with: resulting: Eetean, eS ee 


“The: xardistonded calon. cane presaire upon the medias 
tint reel 


Aes A ‘posterior Rome geotarren ok the: “patient showing » ‘the 3 
| colen ‘Aled othe: barium extending: ante. the: thoracic” cavity, 5 





Se rs ot the: ‘emanated gia Suey Jake 


| ‘Scalloped: diaphragm stil] maintaining its ‘appearance’ efter 

the senival of any. inflience ‘of adjacent structures by simul 
“taneous induction. of pneumothorax and ‘preumoperitoneum, 
‘nditating thatthe: scalloping ia dne to: icreguiar contractian: of 
Boi) 2 ep aein See Higtiarany, Cans Fig: ave 


» pleura? cavity z 

eS a ‘email. amAnt oof 
air. introduced - date: the’ 
| peritoneal cavity supe” 
 seoetend “tothe ete 
‘phrenic - regions if these = 
_ Breas ; Bre tres ‘from. be 
volvement: Failure <-of- 
othe. air tu extend asst. oe 
‘égubpirenie= “Space. - “wae 
Cater that atas- insorved 
‘by. A Silipbrenie abatess.. 





hae senate: ie “eyt 
Base at ihre Sere: 


pita nee saute TUrH Md Neem emmae OE Fes pe = 
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ji aaa ah the diaphragm init chest, | y 
ae eats. eens ee. 





- SUBPHRENIC. INVOLVEMENT 


wie lt =" —_ — SES 












‘Patient sified. Soeee | ‘gate wound right, 
chest ‘without | ‘apparent Anjury;..was dis- 
. charged after 2 weeks. Six weeks. later, while 
_ Turning upstairs for several flights carrying | 
“heavy catalogue suddenly, collapsed. “Was: 
dead an-arrival at hospital) was exsanpuin- <- 
ated: from bleeding: frost: old, opoorly: healed 
wound ‘of Fight ee +t 8° long, Ante 
meee cavity: at Rear Bie SS ~ 












Caehenene a thes above or being ce 
Seaeenoen 





Atiee “Garulicial pneumoperito- Sed 
 heunt, abdominal: air extends 
upward winder. diaphragm outlin- 9. 
ing nodule ot BEE asuttate: of | 
Hiver.. ais, Bee 


PART IV 


BILIARY TRACT 


GALL BLADDER (Chapter XXIJ) 
I. ANATOMY 
ll. PHYSIOLOGICAL FUNCTION 
Il. ROENTGEN EXAMINATION: CHOLECYSTOGRAPHY 
A. Direct 
1. Opaque and nonopaque stones 
2. Milk of calcium bile , (Limy Bile) 
3. Calcified gall bladder 
B. After administration of contrast medium 
a. Oral method 
b. Intravenous method 
1. Normally functioning gall bladder 
a. Stones in 
2. Pathology of the gall bladder 
a. Non-functioning 
b. Layering of nonopaque stones 
c. Polypoid growths 
d. Phrygian cap 


e. Diverticula 
(Rokitansky-Aschoff Sinus) 


3. In infants 
BILE DUCTS 

1. RETROGRADE INJECTION OF, AFTER OPERATION: CHOLANGIOGRAPHY 
A. With lipiodol 
B. With water-soluble media 
C. Fistula 
D. Gas in hepatic ducts 

2. DEMONSTRATION BY INTRAVENOUS INJECTION 


3. DEMONSTRATION BY DOUBLE DOSE ORAL TELEPAQUE 
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: Sphincter. Na muscle fibers. have ever teen 
-  Strated in the bile ducts; the cystic duct is: furnished © 
Sith a. ‘spiral valvular arrangement known as He 

- Heister’s valves and a smooth pars glabra. portion. 


- from the stomach. This 2 


Chapter xx 


--BILIA RY TRACT 


Miustrations a BS Cesare Giantured, M. m 


| The gall bladder isa  pisexvalk doe t the: Sie. 

which is utilized for the emulsification of fats in- 
preparation for digestion. It is composed of three. Bes al 
portions: the distal end or fundus, the mid-portion. or oolhe 
_ body and the proximal contcal portion or infundibu-" hy ae 
jum (Hartmann's Pouch) whith connects with the vd 
F cystic: duct, A fine fibro-miuscular layer is. present ae 
_ in the fundal and infundlbwiar ‘regions, but the Bee cna Le hoes 

‘portion is tich in elsstic tigsue, A sphincter-like:*, Joa 
- mechanisor appears to be. present between the igs’ 
_ fundibulum and cystic duct, known as. ‘Lutken’ re 
Wemeas 





Which. unites’ with. the: orion hepatic duct to forni a wR 
“the common bile duet which prontes into the deo~, ae 2 

| denum, (Sachs), ee Gee 

oi The gall ‘Wadder puiptiee: its contents, ‘inte she 
duodenum 45 a Fesult of the stimulation received . 4 

from: introdsction: of faite. material into the duadenum © 

| wision of bile is: probably. 
“produced ay. contraction of the fine muscular coat of 

_ the gall bladder as a result of stimulation produced - 





by an enzyme or secretion farmed in the small in< - eo x aS 


= - Contraction and emptying of the galt diadder has been 


= testine, as a reaponse to the presence of fatty ma= ce NER pelted Ol tC RRG SITE At Og LEE COIN EROS 
- terial thenugh direct absorption into the binad stream. 


demonstrated following hypodermic injection into the — eh: ea 


- - be suécesaful in only & small percentage of cases. 
. The chtef pathological condition for. nich, the all 


than the hile in which they: lie; when the bile le made — 


blood strear of an entract of om Shodenal PICS; 
4 ny and Oldberg). ale 


Se : RORNTGENOLOGICAL EXAMINATION OF THE 

= GALL BLADDER.. ‘Roentgenclogically, the bile-filisd - 
pal biadiier is of similar. density to the. surrounding: oar. 
tissues; therefore, direct roentgendgraphic examina~ | (ame 

Won of the gall bladder for evidence of pathology can ee | 


: bladder js examined is fallstones. RESEL Erne 


- GALLSTONES + (Fig. 270A to Dd). ‘Unfortanates se 
Lys paly a small percentage of gallstones contain Bpuf-" f 
fictent calcium salts either throughout: the stone or. — 
as the nucleus of the stone to render them detectable. 
with x-ray examination (Figs. 270A to P); the ma- — 
jority are composed of cholesterin' and other bile _ 
salts which have such shght- difference in density . ! 
from the surrounding soit tissues that they cannot be 
detected by ordinary roentgenographic: examination. 
Such cholesterin stonés may even be-of-. lesser: Ren 





Fig, 270B. Single lanminated Rate pare. cholester ds te 
stones : ‘prs 





. radiopaque by cholecystography, these cholesterin 


. *An asterisk following. any title indicates that romatgeaograph ee eee turrating fla eontittion willbe = 
7 found in. the a plata pererer at the one of the chapter | Ee eee ead | : 3 : 


gg! 
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Fig. 270G. Multipte email calciam bilirubin stones, 





| duct. 


) tone are + visible as areas oop ieseened density, and 3 

are known as negative shadows. (Fig. 272D). If taken | 
He hae ie ge: upright position such stones may layer out B88 
gone of decreased density in the bile depending upon — 


their relative density. If covered by an incrustation 


if ihe bile is of greater density than the stones: tiey 
may appear. darker: than the surrounding medium, 

Small stones in the cystic duct, if calcified, can be 
demonstrated above the level of the Ist transverse 


pracees ie ae and. a stones: in the: commen. ne 


Fig: ee Like HT: of cateiirn | Hae: NSE stone a Se : | 


Rips 2700. “Twe. calcium cholesterol stones wah s ater 


CM es 


“Formation, Seat RE ease 








Ree (ar ye nt 4, oe 43 “ sore + 
‘x barat Mea ian 


cipitation in the gals bladder i Fare: inefances, 


i (Theander). 
of ealeium: salts. they may be detected (Pig. 270D); or 1. 08s 
4 like shadows jo the: abdomen, which, i they decurin = — 
| the region of the gail bladder, might be mistaken for 

3 pall stones. ‘They really represent infarction of a. 
globule of omental fat. which. per Esen s necrosis and 3 


“Salcitied Amentak fat deposits produce sie 


RE LGHICAM OM, ‘THolt and ao Manintyrel. 





Fig: OTLB. alee penne Diauder eet stone: in. LEVERS a; tS 
Se lie near the ‘Let ae v teat tranaverse process a = gS 

has been reported that: wontraat: media. used if chole= Sab 
: eystography appears to have. caused an opaque PERS. Se 








7 ‘from the bile, 











SS a eet s oe 


BILIARY TRACT aos . ee Sa 


SMiIDK oF CALCIUM BILE. (ume piney Pia 


ar TAS Only is very vare. instante s: woes the. bile ~ 
content of: the: ‘wall bladdet become. wigible, 


dition &sawn- Ss Milk of Caléjurm bile} ‘the heavy Vissie 


~ salt content. ebthe hile renders the gall-bladder: wists " em 
Ape by ordinary ‘roenteenographic ‘ethods, Bt SP a ah 


eration the gall bladder | contents is sean to. be. Be 


Bae aseee 5 greenish-yellow TASB resembling putty or puetehe Ahh 
jf meee msllowy: Stenes. may’ be imbedded. in ‘the mass: (Rose). ae PaR 
oe The formation. pf limy bile is: basically. parton |. 
: stone. formation. $t is belisved. that: the greater por-. et 
> ton of bile: calcium 1s: secreted ‘by the liver and the =>] 

> gormial gall bladder acts te remove calcium from the || 
a IR 
es the calcium. in the. Bikey ‘Phemister, Rewbridge and. 

: % ~ Rudisil found ‘evidence: that calcium: carbonate is: 





There is some distrepancy about the: origin OF 


“secreted by. the gall bladder wall and is not derived, 


oThe presence of unexplained | increase in density ‘at 


a ‘the bile should: indicate. some sneaieatint a ane gall 
se LEMREE sees: | ERE ah 


CALCIFIED GALL BLADDER as 2718), 


‘Calcarecus deposits: Aa. the. gall. bladder wall is an a Mosel + 


occasional eccurrence, tk! is: usually the: fesult of 


ep “Age. a cone Seba 


‘When a blnck of the: ‘eystic duct occurs * or 
in, association with low grade chronic. inflammation of é 
the wall there is precipitation of calcium: carbonste,” a , fe , 





 Shrenic gall bladder” infection. “TH sheald nat be con- Be Hehiseteetes 


fused sith mifk of calcium bile since the calcareous xe 
zs incrustations are Poperalae: AG outline and are in the 5 


ae bladder wal, 


- ORIGINAL GRAHAM PEST OF GALL. BLAD- | ipa Ie Riaeet ca gR masons ae es Tigi aie 
: wal as found in the Manus) of { Roentgenctogieal 
“Teenie: 


DER R FUNCTION—USING TETRAIODOPHENOL- ~ 


PHTHALEIN (1ODEIRGN) (Figs. 272.4, B, and C). ‘Not 


until the evolution of the Graham-Cole-C opher~.- 
Moore test was very. anich definitely known about — 


gali-bladder function, They conveived the idea ‘that Sa 
‘if the chlorine radical of tetrachlorpbenolphthalein aen 
 (asubstance which bad Jong been known to be se= 
créted inthe bile and which has been used ds a test ee ae 


‘of liver function), could be replaced by'a SUAS 
element (iodine) which was opaque to x-rays, it. 
might ‘be possible. to. render the bile radiopaque. bi, 


This proved to be the case: and the Caen < 1 as 


< phthatein test was- evolved. — 
The fundamental. ‘principle pon ‘which this test) 


RS eS ‘carried out should be. briefly reviewed. “(See de-. 

tailed Instructions 4 the Manual of eo eee al ee 

se Pechnique.): The: pxataination MAS Karried ut: PEs a 
ee either. the intravengis or the oral methad.- TEESE ae 


At dirst the intravenous: fiethod was. thoughe ¢ to 


S be the nIOSt Becurate: means of performing the test;: 


for the past several. years, “with the development af 
_hew chemical materials, the intravenous. ‘method tas 
: given. place to the Sra} fsethod: ag the preferred 
“means of routine: examination, ‘The intravenous - 


oes qmethod is’ reserved for jistances. ii which the: Beal 


-. method ts. found. impossible, ‘The drag originalig = 


= used, Todetkon (Tetraiodophenolphthatein), ‘fas: Bike. 


ay wise given. place’ to a number of others: whilele have” 


been developed for, this purpose. Detailed ists 1 
tions for CoPEe ne: cut sieRe Sar ioe examinations — < an 





; Fig: 272A. Position. of pau! bladaes’ dn. individuals ee oe 
| different. habitus: 
| gin; usthenic type, just below rib margio;. thy ypesthenic : 

type, position: fawer Bowes asthenic NB: fenes Hoven mS z 
cane: vie: Speman: Rath RIO eg crak as tne Stes oo fale 


Hypersthenic type, above. <ib soe ees 


‘The: pitt tasters may be. found in ‘widely vary- - Rae 


oes ing: Jocations on the right side of the abdome;r.. : 

“| Rarely it may even: be ‘displaced into. the: Teftupper 
‘| quadrant oY be overshadawed by. the ‘Spine. ‘Since 50: eS 

teach een Spo0, its. Nsvalization: a thorough 





ee is. Sis Effect of fet meal ‘on ‘sine and density of Ce 
gait bladder. POINT ADS | Bg 
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ieee ORAL METHOD USING PRIODAX* OR ; 
TELEPAQUE.* Time has shown that the oral mhethe 
ods fully as reliatte as the jatrayenous method. (A 
number of other drugs of similar composition seem 
_ te te very effective and are preferred by some.) 
3 “Six Priodax or Telepague tablets or one per 
every twenty-five pounds of body weight if over 150 


Poinds, is adniiniste reid. the: Aight before the salbiadt) A 


‘Hon after the eveniig: meal, The meal should be fate 


|) free ar very sparing in fat content. A study of the | 


- gall bladder shadows: obtained with Telepaque with © 


hous ands without. a fat-Iree anda non-fat-tree meal in 
preparation for the examination would indicate that e 
the preparatory fat-free meal gives much the: best See 
e emptying are limited to infla re 
-. | Shanges involving the ‘common duct, aphincter of Oddi, 
eS | and duodenaa in the region ¢ 
| ‘These include cancer at the nommon duct or head of 
the: ‘paperess, ehronie par 
pancreas, prolonged spasm or fibrotic stenosis of. the 
| sphincter of Oddi, and carcinoma of the duodprinst | ia 
_ thé vicinity of the sphincter of Oddi. 





- gall bladder shadows, (Whitehouse). The tablets — 

should be taken whole without chewing: Since this - 

causes a burning sensation in the throat. “They — 

- should be taken'a few minutes apart. The’ yatient — 
then reparts the next siorning without breakfast — 


___.twelve to fifteen hours after ingestion. of the ‘tablets 

ze SOF: roentgen examination. eee ek 

ae - Since no cathartic is given by this. meisad: ‘at at 

= men intestinal gas may obscure the shadow: of. ‘the Sno ES 

gallbladder. To eliminate this, one view is: taken in. 
-. the right lateral decubitus with the patient lying. on 

ey the right side, x-ray beam Wirected horizontally 


to be Misplaced downward and. the pas ty the intestine Me 


to rise giving a clear unobstructed view of the AL 
bladder shadow; it also permits “layering” of ‘small 


inorganic stones if they happen to be in the | gall biad~ - = 


der and thus favors their detection (Fig. 278) + 
(Kirklin). ff visualization of the gall bladder Is not 


< gucceasful at 12 hours, ‘films ‘should be. repeated — 


if: three. hours later, = 
Comparative piudy. at the use cat Oratiler ae 
os Telepaque revealed jittle eomparative Sifference in 
the two media as far as reactions was concerned, © 
(Reeves), Although they were slightly lese severe. - 
with Orabilex. 


~ ton with: ‘Orabilex. A SORES ig. stilt a canes for. SENEes: 
developed acta Sri 





Fis RTE, 


Gat bladder. pvershadswed ae Bee: ae, ' 
; OTE CE | = = fe ig oat 


De |oiee of omitting 4 fat meal during cholacys raphy = 

| sacrifices valuable information; particularly about the: = 

| common hile duct. Normally, the gallbladder con- 
he “4 tracts 26 to 50 per cent of ite original yolume during 

the first 45 minutes after a fat meal, Visualization of 

| qe the common duct is increased by the aubcutanesus. in= = 
“jection af 1 ec, 1:4,000 prostigmin before this meal; — 
Al “i the gallbladder: ts: distended and falls to contract, 
wisualization of the common duct by repeat fat meal 
| ar by intravenous cholografin studies supplemented — 
| with jamitnaeraphy will bien reveal the Jocation ot 
| the pathology. 


es ‘Both gave satisfactory. visualization; : | 
~~ there waa, ‘however, Blight increase in duct: Visualiza- | : 


_ PRINCIPLES OF: ROENTGEN INTERPRETATION _ 


Sachs and Partington hi have: foung that: the ; prac- . = 





~ Lestons: which prevent ‘the gall bladder : trons eS BE 
ramatory and neoplastic — 





on of the ‘sphincter of Oddi. 








Xs eveatitis in the head of the 


Delay in reaching a diagnosis watt the: oveurs. 5 =. 2 


_ | rence of clinical jaundice makes preoperative roent- 
| gen diagnosis virtually impossible and may: make f 
gees, SUEStine surgery too late. 


“After the gall bladder 1 ia vinnaliced 6 fae meal” 


: aS syathelte fat meal, Neo-Cholex is then adminis-" sok 
“} tered and re-examination is made at 8, 15 and 30. 
) minute intervais to determine the degree ot emptying, 


and. to visualize the ducts. 
Normal function of the walt bladder’ daae not 


vee abealutaty r exclude of nic lesion, however, Boch as” 





‘stones or polyps.” : quite obvious that 


- | 9 tew gmail atones.or a small polyp Tying. in a gall. 

‘ . - bladder filled with: opaque material may be entirely 
| g@vershadowed. This examination then mast be fe 
| thougbt of primarly as a test of function and get- = a we 

| ondarily as a method for detection of space oceupy- . - 
1 HE festons, db way instances, my wall ee ORDER WINE | 





er aE Fig. P12C,, i Sane patient Se ascnince inthe: fatevat = 
+ secubitus, (patient: lying” on: Lett Side, ketays pesjectes 
rk horizentaliy. Causes gall Bladder to scep! Hewanars, ard. 
et jf Bass hee colon to. eg eisel.: 
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invisible, may be thrown into relief by the density ot oh Fee 


the bile and become detectable in this way. Tt is — 
possible by careful examination made at half-hour 


intervals after fat meal until the gall bladder is ae eS =. 
most entirely empty to detect even very smal) stones: . os 
which could not otherwise be demonstrated, anid thus - Peg 


ta materially increase the number of cases in which — 


a diagnosis of gallstones can. be made in gall blad~ ne 


ders showing normal function... 3 

 Roentgenographic examination made in the up~ 
right positions. may displace galistones so that they.. 
_float-as a layer either in or on the bile; in this way 
they become more readily visible (Fig. 272D). 


single rounded filling defect in the center of an ater : f 


wise normal gall bladder shadow may be due to a. 


polypoid. growth or to a single stone imbedded: in the « ; y 


Wall (Fig. 2728), (Greenwood and Samoes). Motard 
has repurteda case of papilloma of the gall bladder. | 
The 53-year-old. male patient had suffered pain for - 
‘Li years; after food but no fixed interval which 


| S lasted two to three hours. Intervals free of pain had : 
never beea: longer than a week. There were: no other: 


symptoms; 





Fig. 2720, “oxsally. functioning gail wiadaere slags 

ty With multiple calcium bilirubin. ser CAS 
Cooks bladder is pathological or contains: stones, Or. ‘Wat 
bP wormal function is after all present: 


: tt with multiple: cholesieral: stones, | 
HL with Single large. cholesteral stone, 
AV. with multiple cholesterol! stone & Hestie 

3 Delween indaad of hile. (upright Feaitions 





$ ¢ ie 2726, ‘Woxeally Gens tineiag gall. bindder with 
oo papilloma; position at efect is mot ewhanged in “apright: 3 

- | and prone positions, : Papillomas: Can be. Secreted % 

penne Tigander bas die etedaftenton to the roa ae at the edge af the: oe bladder on ‘rotation: of patient. 

tate in the human gall bladder: studied on the basis s 

oa of observations. made in @ cases. The results showed |. 

_ that *atone-like,” radiolucent formations, may ap- 

pear within the: precipitate: despite the definite ab- — ~ 

sence of eigen stones & a8 sahatass by sormal ence aaES 


ance of the findings. The name. * psmado-ainiee’ has 


1 been introduced to describe thess.. Fortunately this. |. 
{a very rare and should be reduced to a. minimum by ae 
always using fresh solutions, 


Ochsner, et al.; have lag: ae attention ts 
“ Disappearing Gallstones,” fAmer, Jour: Roearg.. 


 83:831, 1960), reporting one instance of their own. ana Pe S 


seven othera; these may well be instances tn which: - 
this factor of precipitation of the contrast medivn: 
has occurred. 

TH no- shadow of the gall bladder. ‘appears. ‘ater 


| administration af the contrast material at any examl-. | 


nation, it is obvious that thie meana either that there = ~~ 
miay be some extensive disease of the liver preventing ga 
removal of the contrast material from the hlood-or «. 


| that there is some obstruction to the cystic duct OP Ee, 
pathology in the gall bladder itself, preventing en-.<.~ 
‘trance of bile. Delayed emptying of the stomach or ~~ 
other reason for failure of absorption from the tntes- 


tines ig another cauae for failure of gall bladder. ess 
visualization, «Loring : ane Werezeg). aeete & siatoe ae 






ii remaining parcontane ot , es 


“all instances, The smal a 
failures ts usually due to technteal difficulties or er- 
rors (Fig. 272F). Initial nanvisualizatinn of the gall <. 
bladder caniot be considered an absolute indication: fe 


for surgery. ‘Because technical failures and errors. 
do oecur, the exam(nation should be ‘repeated, or Fen: . 
peated with a double dose of Yelepaque: or Briones, 


|} and with medication to stimulate commas duct 


| gpecial attention, additional information can be ae = e ea 
‘falned, either showing more definitely that the gall: 


It should always be remembered that eka. oe 


- | ‘igualization indicates s holony @ a the. Hae ‘of test- " 
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Fig. 
as SOT SEES 


eee ‘ing. ‘Keute cholecystitis: sibatdes:; ‘and ditt the gall: 
bladder is not too badly damaged, Tater: chole- 
ae cystography will ghow normal function. “Hepatitis. 
prevents visualization because the diseased liver 
cells cannot excrete the contrast agent in high 
enough. concentration. ‘Cholecystography tn the 
presence of jaundice gives no useful information 


about the gall bladder because of the accompanying. WS ESS Ay Entec 
condition: AB: very Tare, (Zinabes, Maines. has re » 
parted two: widitional cases of diverticula ©: 

(Rokitansky~ Aschofi Binuses). af the: gall bladder 
|} with findings indicating: poi thie: faust ‘be due: to. 
- abrani phalecyatitie. Sn RR e = 


liver impairment, Im very rare instances the ae 
bladder may be. congenitally absent. 


The gall bladder may be deformed from pres~ | 


sure or adhesions ar it may take on the appearance — 
af a Phrygian Cap from tilting over of the fundus. but 
this is of np pathological gignificance (Fig. ARG). 

- ‘Ross has reported a tase of double wall bladder aa 

: demonstrated by: cholecystography.— 

ae “Whitehouse advocated ‘cholecystography: with 2 
gram doses of ‘Telepaque fn order to see stones: and 


other defects better, Paint’ shadow and nonvisualiza-| 

“ton he inlerpreted as. gholecystitis with a large dé-"- 
Se gree of confirmation. In his experience increase in. 

2 na at: subzequent examination af Hearn ante ta Ball z cystic tissie. The gail binds e walt- ton gibiected oo ce 


“Cimming fake found great satisfaction ‘on. up=- Sp 


sight fluoroscopic spot-film examination of the dye- 
filled gall bladder utUizing compression when neces - 
sary in ridding the field of gas.. The layering of © 
stones ani the iomnovable character of Pelypald 

| adenomas. are, valuable. points, - “3 


‘Divettionla: or Galt Bindver: ‘i “pupicsweye in 
Aschott Sinus), Deep otken ix replat: sutpauchings - 





: vot the gall ‘bladder muctsa extend igts or ‘through. the: 3 
ihe") fine muscular GOBr: Of the: galt: biadder: itd: the: per Mt ‘ ee 
bite musicitlat layers. 


Suck: herniations: ane: thought | iw he - 
due. to chronic iaflanimation and 3 over r distention, “phet 


\| 
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272F; Non= -tupctioning gait bladder with ae ip 


He tie eet thee. 
eS HOS. within: the. gall bladder, The: ayraptortis’ are nets 
‘wesentially different’ trom other, patte re gh acute 
“cholecy stitis ;. so. that differentiation is made. vedios a 

logically.» A: ‘plain. fils shows, a radiolucent BONE MSs. 
the shape and: position. of the: ‘pale bladder: oe 
: infiltrate inte the wall bladder well ‘and perichele- iis 





ig. 27207 
ook Appearance at valves an. eyane duct, 


Various shapes. af narmal gail bladder: 


tt. 
4M. 


phrygian.. CH Pi < 3 
-£envolated gall bladder; this Tay: ‘be so 


WEE . a double eet bladder. ee 


Pes et 


“ meute’ ‘gaakous Stueeyeilive is ae antection at 
agen charagteriged Dy the productios at. 





te. greater tension) trom. the: Gaseous: distention, 


‘nectosis of the wall‘and pertoretion is. Srequent, 
: (Hetfetz and Senturia), Seen en: of ae: finding 
Soakee surgery ‘imperative, Be Eth S ae 


 ‘Smiphysema ok the: ga ‘Bisddaet is ade ta an” 
squint ‘et the pa. {bladder Wail Usually by Bacil-. 





| Ans, Welchii. or Gol, Reentgenographicatly thre: Bae Ss, 
can be: geeh tn the gail bisdder. Wall and. sEthin the. ates 4 SD 
gall bladder iteelt forming a find devel: over the. ghesr igs 
Biles in. the: upright, PORTA: : eae RN SE ear 


_CHOLECYSTOGRAPHY IN INFANTS, oe 
: fantor ¥ Seeiscesionren in: child res aver nbieae yeare ge 


pronounced: as to give the iropressinn of arate 


Gasmay - os 
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of age have been obtained with the adult dose of con- 
trast agent, (Harris), With younger infants, their in- 
ability to concentrate bile in the gall bladder or lack 
of sphincter control may prevent gall bladder visu- 
alization, Under age 3, about half of the attempts 
are successful. Oral doses of Priodax and Telepaque 
for infants is 0.15 gm. per kg. of body weight, but 
double and triple doses have been given without 
toxicity. Gall bladder studies are best timed four to 
nine hours after giving of the oral contrast material. 

Intravenous cholangiography (Cholegraphin) is 
now being used on occasion in infants and young chil- 
dren. Moseley has reported a case in a 5-year-old 
girl of choledocal “cyst” or idiopathic dilatation of 
the common bile duct which was visualized by chole- 
cystography and successfully operated upon. Success 
of visualization was probably due to the fact that ex- 
amination was done after the jaundice was cleared up. 
The lesion appeared merely as a cyst-like enlarge- 
ment of the common duct. 

Investigation of the biliary tract in children 
after the intravenous injection of biligrafin (Cholo- 
grafin, single dose 0.1-0.3 gm/kg body weight) re- 
vealed good visualization of biliary system in all but 
one in which there was congenital atresia of the duct, 

The appearance of contrast medium in the 
bowel without visualization of the bile ducts may be 
of value in excluding atresia of the ducts; contrast 
material in the renal pelves only may indicate liver 
insufficiency, (Theander). 

Borgstrom and Norman in a study of the com- 
parative value of palpation of the common duct and 
cholangiography for the detection of stones, came to 
the conclusion that both methods are highly success- 
ful in detection of stones Jjarger than 2 mm. in size; 
below that size cholangiography has distinct advan- 
tages, 

They felt that palpation against a probe and 
cholangiography should both be used in combination 
for greatest accuracy in diagnosis. 


GALL BLADDER FUNCTION FOLLOWING 
TRAUMA, Howard studied the effect of nonspecific 
trauma on the secretory function of the liver in sol- 
diers for 10 days following combat duty as well as 
many other cases of injury to the body exclusive of 
the gall bladder itself and found failure of secretion 
and concentration of the opaque media. Nonvisualiza- 
tion was practically the rule after injuries to the 
brain, chest, abdomen or extremities; after operative 
procedures such as herniorrhaphy for incarceration 
of the small bowel and one burned patient who had not 
received anaesthesia. 

The author feels that there is reasonable evi- 
dence to support the hypothesis that the gall bladder 
participates in paralytic ileus following injury. 


BILE DUCTS 
(Figs. 273A & B) 


Oral cholecystography as routinely performed 
only occasionally visualize the bile ducts, making the 
use of other technics necessary. Cholangiography 
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may be accomplished by oral or intervenous injection 
of contrast material, or by direct introduction of the 
contrast substance into the bile ducts by surgical 
procedure. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 





Uj 


Fig. 273B. Ulceration of gall stone into the intestine. 





Oral cholangiography: Using Telepaque, Sachs 
visualized the extrahepatic ducts in a fairly high per- 
centage of instances, by roentgen examination at 8, 
15, and 30 minutes following administration of a fatty 
meal (Neocholex) in the routine cholecystography. He 
suggests the simultaneous hypodermic injection of 
physostigmine to cause spasm of the sphincter of 
Oddi so as to retain the opaque material within the 
common duct under pressure. 

Further refinement of oral cholangiography is 
described by Twiss and Gillette. They recommend a 
double dose of Telepaque on the evening preceding 
the examination, with an additional single dose of 
Telepaque on the morning of examination. Paregoric 
is given by mouth after ingestion of the doses of 
Telepaque to promote common duct sphincter spasm. 
The large dose of Telepaque combined with the with- 
holding of fluids from the patient for 12 hours prior 
to filming allows maximal concentration of the opaque 
agent in the biliary ducts. If the gall bladder is visu- 
alized, a fatty meal is given, followed by films at 10 
and 30 minutes, including upright films. In a series 
of cases examined by this method, visualization of the 
bile ducts was obtained in 72%. 


Stones in the common bile duct, or more rarely, 
in the hepatic ducts can be visualized by the above 
methods. A large dilated common duct insufficiently 
well visualized to delineate a stone may be suspected 
of harboring a stone. Although the common duct nor- 
mally dilates after cholecystectomy, such dilatation 
is slight and not accompanied by biliary symptoms. 
When dilatation is above 10 mm., symptoms are usu- 
ally present and there is an obstructing lesion to ac- 
count for the dilatation. The largest diameter to 
which a duct may dilate and still not be associated 
with symptoms is not yet known, however. Visualiza- 
tion of cystic duct and gall bladder remnants, and 
fibrosis or compression of the sphincter of Gddi may 
be successful with oral cholangiography. 





Intravenous Cholangiography is at present de- 
pendent upon Cholografin, a newly introduced contrast 
material. .When rapidly injected intravenously, this 
agent is more dependable in visualizing the extra- 
hepatic bile ducts than oral cholangiography. Oral 
cholecystography remains the standard, most reliable 


and safest technic for roentgenologic investigation of 
the gall bladder, but in the post-cholecystectomy pa- 
tient, and in the patient in whom neither gall bladder 
or bile ducts is visualized by routine or special oral 
technics, intravenous cholangiography is often ex- 
tremely valuable. When the patient is unable to ab- 
sorb oral medication, or when there is acute abdomi- 
nal emergency, intravenous cholangiography is indi- 
cated. The incidence of adverse reactions to the in- 
jection is low. Films are made at intervals from 15 
minutes to 2 hours after injection. Some use medica- 
tion (Demerol, Morphine) to induce sphincter of Oddi 
spasm, thereby retaining the opaque material for a 
long time in the ducts. 

Extensive use of intravenous cholografin has 
confirmed efficacy in diagnosis of certain types of 
chronic affections of the biliary tract; further experi- 
ence indicates its usefulness in acute cholecystitis 
(Johnson, et al.). 

Emergency intervenous cholangiography was 
performed in approximately 220 patients with acute 
illnesses clinically suggesting acute cholecystitis. 
Subsequent data documented this latter diagnosis in 
69 patients. 

The procedure proved a reliable, rapid and safe 
method of establishing the presence or absence of 
cystic duct obstruction. On this basis a suspected 
clinical diagnosis of acute cholecystitis could be con- 
firmed or excluded. 

False positive and false negative cholangio- 
graphic diagnoses of acute cholecystitis were not en- 
countered, emphasizing the importance of a four-hour 
delayed roentgenogram. 

Studies of the hepatic uptake of radioactive 
iodipamide frequently demonstrated impaired liver 
function in the acutely ill patient. This procedure may 
prove useful in selecting patients suitable for emer- 
gency intravenous cholangiography. 

Jutras, et al. have criticized the tendency to 
histopathologists to include in the term “chronic 
cholecystitis” a great many pathological entities and 
point out that these hyperplastic reactions are degen- 
erative in nature rather than inflammatory. He 
classified these hyperplastic cholecystoses as follows: 


1. Cholesterolosis 
A) Diffuse type (Disseminated micronodules) 
B) Polypoid type 
2. Adenomyomatosis 
A) Generalized type 
B) Segmental type 
C) Localized type 
. Superfician neuromatosis 
. Deep neuromatosis 
. Elastosis 
. Lipomatosis 
. Interstitial fibromatosis 
. Pericholecystic fibromatosis 
. Hyalinocalcinosis 


OO 1 on & 


Synonyms: 
Strawberry gall bladder 
Cholesterosis 
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Lipoid cholecystitis 

Pedunculated polyp; solitary or multiple 
Sessile polyp 

Cholecystitis grandularis proliferans 
Cystic cholecystitis 

Intramural diverticulosis 
Pneumocholecyst with intramural! bullae 
Parietal calculi 

Adenomyoma 

Adenoma 

Adenofibromyoma 

Epitheliomyoma 

Myopithelial anomaly 


Porcelain gall bladder 
Calcified gall bladder 
Calcifying cholecystitis 


Hyperplastic cholecystosis designates certain 
gall bladder conditions that are proliferative and de- 
generative in nature rather than inflammatory or 
neoplastic. Consequently, they should be segregated 
from the miscellaneous group of lesions simply 
labelled “chronic cholecystitis,” because a more 
precise diagnosis leads to better treatment. 

Cholesterolosis, adenomyomatosis and neuro- 
matosis are three forms of hyperplastic cholecyst- 
osis of special interest to internists, radiologists 
and surgeons. They can be currently diagnosed as 
individual entities by means of selective and serial 
cholecystography. Since the three conditions are 
often associated in the same gall bladder, it is im- 
portant to comprehend their combined influences on 
cholecystographic results. 

Cholesterolosis is characterized by abnormal 
deposits of cholesterol esters forming yellow specks 
(strawberry gall bladder), polyps or pseudopapillo- 
mas, either solitary or more often multiple. 

Adenomyomatosis (also called cholecystitis 
glandularis proliferans) is defined as a proliferation 
of surface epithelium with glandular-like formations 
and outpouchings of the mucosa into or through the 


thickened muscular layer (intramural diverticulosis). 


Neuromatosis indicates proliferation of auto- 
nomous neural elements. 

A combination of the three above conditions 
induces the gall bladder to concentrate and expel the 
contrast medium at too rapid a rate and under ex- 
cessive pressure. Excess of mucosa is responsible 
for the hyperconcentration; proliferation of nervous 
tissue causes hyperstimulation; muscle hypertrophy 
brings on hyperevacuation. The resulting hyperfunc- 
tional syndrome may cause severe and lasting pain, 
intermittent colics and indigestion, biliary dys- 
pepsia and psychosomatic distress. 

Each form of cholecystosis may exist singly 
or conjointly, with or without stones, with or without 
mucosal congestion. Roentgenologic features, 
pathologic correlation, clinical implications and 
surgical indications are discussed. 


skinesia. Symptoms simulating biliary colic 
without ac obstruction from stone often following 
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bile duct operation are thought to be due to a spastic 
condition of the musculature of the sphincter of Oddi. 
In 1928 Ivy demonstrated the occurrence of a hor- 
mone, cholecystokinin, secreted by the duodenal 
mucosa and acting specifically upon the musculature 
of the gall bladder. In 1934 Ivy and Sanblom reported 
that in experimental animals the sphincter of Oddi can 
resist a pressure of 800 mm. of H,O,; that the pres- 
sure at which bile is expelled into the gall bladder does 
not exceed 300 mm. of water and that the sphincter 
can therefore prevent expulsion of the bile. They in- 
jected duodenal extract into 19 healthy volunteers; in 
3 of them the injection was followed by biliary colic 
indicating that biliary symptoms may be functional in 
origin. Gunnarson has shown that in symptom-free 
patients the injection of morphine produced little if 
any change in the biliary ducts filled by intravenous 
injection of Cholografin whereas in a patient with 
severe dyskinesia there was relaxation and widening 
of the duct after morphine injection. The method by 
which Biligrafin (Cholografin) acts and certain side 
effects are reported by Oeser and Frommhold, (Ref.). 
Theander also reports certain side effects of Bili- 
grafin. Holmdahl has found that lactation does not 
interfere with Cholecystography and infants are not 
adversely affected by the iodine in the milk. 

Intravenous cholangiography finds its greatest 
use in demonstrating a dilated common bile duct and 
the cause for its dilatation (in most cases a stone) in 
the patient suspected of having biliary tract disease. 
Other causes of duct dilatation which have been diag- 
nosed are tumors, pancreatitis, and sphincter of Oddi 
fibrosis and spasm. Cystic duct and gall bladder 
remnants, gall bladder and cystic duct stones are 
other abnormal findings which give rise to biliary 
symptoms. As with oral cholecystography, jaundice 
and impaired liver function prevent the excretion of 
adequate amounts of Cholografin for diagnostic in- 
formation. Body-section radiography about 40 min- 
utes after Cholografin administration has a distinct 
advantage in visualization of the duct system ac- 
cording to Bell, et al., by eliminating disturbing 
shadows. 

Mitchell has combined the use of Telepaque 
for oral cholecystography as well as Biligrafin 
(Cholografin) for intravenous cholangiography given 
11 hours after administration of the oral adminis- 
tration. Combined use of both methods produces com- 
plete combined visualization of the entire biliary sys- 
tem, (Cholecystangiography). 


Operative Cholangiography: Injection of water- 
soluble contrast mater 30’ Urokon, Diodrast, Hy- 
paque, Neoiopax) into the bile ducts or gall bladder at 
time of surgery is of great value in helping the sur- 
geon to ascertain the cause of biliary tract disease. 
The injection is made by syringe and needle or tubing, 
and a film which has previously been placed beneath 
the patient’s upper abdomen is exposed by an x-ray 
tube temporarily placed over the operating table. 

Knowledge of the roentgen anatomy of the hepatic 
ducts is essential to interpretation of operative and 
T-tube cholangiograms. Dochner, et al., have inves- 
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intestinal tract. In these instances, an acute chole- 
cystitis due to gas-forming organisms is present. 

The roentgenographic examination of the ab- 
domen of a patient with an acute superior mesenteric 
arterial occlusion showed gas emboli in the portal 
venous bed. 

Gas emboli in the portal vein and gas in the 
biliary duct system can be differentiated on roent- 
genograms. 

The possible sources of gas emboli in the por- 
tal vein radicles are discussed by Susman and 
Senturia. 

According to Beck these may be indication of 
complication due to diabetes mellitus. 

Perirenal gas-forming infection may be en- 
countered with cystitis emphysematosis; primary 
pneumaturia is seldom seen except as a complica- 
tion of diabetes. 

Presence of ripple or corkscrew esophagus 
may be noted. 

Acute gas-forming infection of pancreas, is 
seen at times and gas-forming wall of gall bladder 
is sometimes seen. 

Changes may develop in bone of skeletal sys- 
tem, i.e., osteo and gas-formation and other bone 
involvement. 


Gall stone ileus may accompany the erosion of 
such a stone into the intestine and its passage by the 
alimentary tract. As the stone descends it may lodge 
at various locations in the bowel causing obstruction 
until gaseous dilatation of the bowel permits dislodge- 
ment and passage along to a new area of obstruction. 
At operation each area of intermittent obstruction 
may be detected by deposits of fibrinous exudate on 
the peritoneal coat of the intestine, This evidence of 
intermittent obstruction especially if accompanied by 
gas in the region of the biliary tract is evidence of 
gall stone ileus, (Bridenbaugh, et al.). 


INTRAVENOUS CHOLOGRAFI. Batt, after in- 
vestigating the use of Cholografin in cholecystecto- 
mized patients has found it of great advantage in pa- 
tients who have again developed symptoms. One- 
fourth of these patients have stones in the ducts, 
dilated ducts, gall bladder remnants, and long cystic 
duct stumps. 


Intravenous Cholegraphin in Massive Hemobilia. 

Traumatic lacerations of the liver (Sparkman), 
although meticulously sutured surgically, may become 
the site of subsequent biliary collections which pre- 
vent normal repair. Such collections of bile under 
pressure in a cavity may bring about autolysis of 
liver tissue lining the cavity and cause massive 
bleeding into the bile ducts which discharge into the 
gastro-intestinal tract. The triad of abdominal injury 
with subsequent gastro-intestinal hemorrhage and 
pain simulating biliary colic should lead one to sus- 
pect traumatic hemobilia. 

Intravenous injection of Cholegraphin should 
prove an effective method for the detection of such an 
aberrant biliary collection and for the demonstration 
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of derangement of the biliary radicals following liver 
damage, (Orloff, et al.). It is possible that injection 
of opaque material (Diodrast) into the portal vein 
might disclose any vascular damage to the liver. 

Margulis, et al., found that the presumptive 
diagnosis of hepatoma could be made in children on 
the basis of relationship of a tumor mass in the 
upper abdomen to the other structures as indicated 
by the available methods of examination, such as 
gastro-intestinal, urological, etc., making use of a 
AP and lateral view. 

The problem of portal hypertension and aids to 
its surgical attack has been undertaken by Doehner, 
et al. By surgical and autopsy procedures an at- 
tempt was made to evaluate the development of com- 
pensatory circulation in the portal venous system in 
order to aid the surgeon in selecting a vessel for 
anastomosis to relieve portal hypertension. After 
extensive investigation their conclusions were that: 

1. When no natural shunts occur, except for 
gastro-esophageal varices (originating over the 
coronary vein) any type of portocaval surgery is 
permissible, 

2. When there is already present an “effective” 
natural shunt (above 10 mm. in diameter) beside the 
coronary-gastro-esophageal varices, the choice of 
vessel for anastomosis should be limited to the 
“non-collateral portal tributaries”. 

From a technical standpoint, the surgeon will 
naturally choose the largest available vessel for 
anastomosis for shunting procedure, This may lead 
to unintentional sacrifice of a valuable natural col- 
lateral. As a means of evaluation of the situation 
present it is well to remember that normally the 
portal vein is larger than the splenic vein, which in 
turn is larger than the inferior mesenteric vein; a 
change in this relationship suggests that the dispro- 
portionately larger vessel carried collateral blood. 


HEMOCHROMATOSIS,. This is a condition in 
which heavy deposits of iron pigment in liver cells 
causes an increase in roentgenographic density of the 
liver, It is seldom diagnosed before death. 

Zatzkin has reported a case with diabetes as- 
sociated with cystitis emphysematosis, another rare 
condition in which gas bubbles accumulate in the © 
bladder wall causing a radiolucent zone to appear 
about this structure, The simultaneous existence of 
these two rare conditions is unusual. 

In patients with biliary tract disease when lab- 
oratory tests and oral or intravenous cholangiography 
is difficult or impossible to perform, (peritoneoscope), 
“cholangiography by direct introduction of contrast 
media into the gall bladder and bile ducts can be of 
great help in establishing the diagnosis. 

“Direct cholangiography may be performed us- 
ing several different techniques. With the aid of peri- 
toneoscopy, a radiopaque substance can be injected 
into the gall bladder, either directly or through the 
liver or into an intrahepatic bile duct. Transhepatic 
cholangiography can also be performed without re- 
course to laparoscopy, using percutaneous puncture 
techniques. 
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“However, direct cholangiography has its dan- 
gers; the chief one is choleperitonitis resulting from 
leakage of bile at the siteof puncture. Polak and 
Pontes make a preliminary report on a new technique 
for performance of transhepatic cholangiography by 
which spilling of bile into the free abdominal cavity 
can be prevented. The technique involved is, with the 
aid of laparoscopy, to introduce a needle between the 
two peritoneal sheets of the falciform ligament, guide 
the point to the liver, and perform hepatic puncture 
extraperitoneally. 

After peritoneoscopic examination, the perito- 
neoscope, “is focused on the falciform ligament. A 
finger tip palpating the abdominal wall externally is 
guided by laparoscopy to a point overlying the falci- 
form ligament. At this point a local anesthetic is in- 
jected into the skin and deeper tissues and a small 
incision is made. Under laparoscopic guidance, a 
cannula, 2 mm. in diameter and 11 cm. in length with 
a pointed stylet, is introduced. As soon as the point 
reaches the peritoneum, the pointed stylet is with- 
drawn and replaced by a blunt one in order to pre- 
vent piercing of the peritoneum. Then the cannula is 
gently introduced between the sheets of the falciform 
ligament ina slightly upward direction so that it con- 
tacts the liver a few centimeters above the incisura. 
Once the liver is reached, the stylet is withdrawn 
and a needle, 1.2 mm. in diameter and 18 cm. in 
length, with its stylet is introduced through the can- 
nula into the liver. The stylet is removed, a syringe 
attached and, with constant aspiration, the needle is 
slowly withdrawn until bile is obtained. Contrast 
material is injected after the aspiration of all of the 
bile possible, and the radiographs are made.” 

“In the course of total right hepatic lobectomy, 
when the right portal vein is ligated and severed, the 
left lobe immediately becomes swollen, tense, 
turgescent and livid. This immediate enlargement 
is due to vascular engorgement and the liver sinu- 
soids are fully capable of accommodating this sur- 
plus portal venous blood because, as we and others 
have shown, there is a concurrent portal hyperten- 
sion and yet a normal hepatic circulation time. This 
congestion of the liver is transient, lasting only a 
few days, but it causes sufficient sinusoidal disten- 
tion as to collapse the intrinsic bile ducts, causing a 


remmpors ty jaundice. 


The right lobe of the human liver is being re- 
sected with increasing frequency for such indications 
as primary malignant tumors (hepatoma, cholangio- 
carcinoma and somatic sarcoma), unilobar me- 
tastases, cancer of the gallbladder and occasional 


benign tumors. The 20 per cent of the original liver 
substance residual in the left lobe of the human liver 
is enough for maintenance of life. Frequent repeti- 
tion of liver function tests during the postoperative 
period attests to the adequacy of the minute left lobe. 
The rapidity and completeness of liver regeneration 
after subtotal hepatectomy appear to be inversely 
proportional to the size of the animal, e.g., as in 
rats (18 days), dogs (8 weeks) and humans. In three 
human patients, exploratory laparotomies or “second 
look® procedures were done which revealed analo- 
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gous regeneration in the human: at the two-year in- 
terval the regenerative livers were fully as large as 
a normal intact organ. In experimental animals, we 
have shown that, within the limits of survival, the 
stimulus to hepatic regeneration is directly propor- 
tionate to the percentage of liver excised. 

“The subsequent and continued enlargement of 
the liver remnant to the end point of complete com- 
pensation is a true regenerative hyperplasia. The 
increased bulk of the remaining lobe or lobes is not 
due to increased hepatic blood volume and edema, 
i.e., a vascular artefact, but to true parenchymal 
growth, as may be demonstrated by several means: 

“(1) The grossor visual inspection and mensura- 
tion of the residual liver at the time of laparotomy, 
weeks later (rats), months later (dogs), and years 
later (humans). However, as Bucher and Glinos have 
stated: “Measurementof restoration of tissue mass 
does not differentiate between deposition of substances 
in cells and true growth.” 

“(2) The microscopic study of the liver during 
the process of regeneration in dogs reveals that in- 
creased mitotic activity starts as early as the second 
day after subtotal hepatectomy. The mitotic count is 
an index, so to speak, of the rapidity of liver cell mul- 
tiplication at the moment, but regeneration is inter- 
mittent and not constant as regards all aliquots of 
liver substance; therefore the mitotic counts, although 
valuable, do not furnish definitive criteria for the total 
process of hepatic regeneration. The mitoses are 
evident in the peripheral zone of the lobules rather 
than uniformly distributed throughout the liver sub- 
stance. The replacement of the surgically excised 
hepatic lobe or lobes does not originate from the 
severed stump or base of the lobe so there is not an 
attempt to reduplicate or reproduce the lost lobe. 
Instead, the regenerative hyperplasia is within the 
entire remaining lobe or lobes. 

*(3) Chemical analysis of the liver substance in 
the regenerated lobe reveals a quantitative similarity 
of content for lipids and proteins, a finding which may 
be interpreted as presumptive evidence that the re- 
generated liver tissue is probably identical in unit 
volume with the normal liver. 

“(4) Nuclear counts of homogenized normal and 
regenerated liver tissue are essentially the same 
once hyperplasia is under way. 

“According to this study, mean values for water, 
lipid and nitrogen content of liver tissue were similar 
for both normal and regenerated liver tissue, and the 
range in the normal will overlap that seen in regen- 
erated liver tissue. It is indicated, therefore, that 
increase in size and weight of the liver after hepatec- 
tomy is not due merely to an accumulation of water 
and/or fat, but actually is due to formation of new 
liver tissue of the same basic composition as normal 
livers. Bernard Fisher found greater amounts of 
protein in the liver following partial hepatectomy with 
arterialization of the portal stream.” 

Pack and Molander report that “resection of the 
entire right or left lobe of the liveris being performed 
with some frequency for such conditions as primary 
malignant neoplasms (hepatoma, cholangiocarcinoma, 
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and somatic sarcoma), unilobar metastases, cancer “A case report is presented as a rare instance 
of the gallbladder, and occasionally, benign tumors. in which total left hepatic lobectomy was employed 
It is now reasonably safe to perform a total right or as the treatment of a hydatid cyst of the liver recur- 
left hepatic lobectomy by preliminary ligation and rent after marsupialization. The patient was five 
severance of their respective branches of the hepatic | months pregnant at the time of the operation. She 
artery, the portal vein and the corresponding or tolerated the procedure without difficulty, made a 
ipsilateral hepatic duct. The remaining 20 to 80 per rapid convalescence and was discharged from the 


cent of the liver is enough for the maintenance of life | hospital on the tenth postoperative day.” 
if the individual is an otherwise normally functioning 
person. 


QUESTIONS ON BILIARY TRACT 


1. Why is direct examination of the gall bladder not entirely satisfactory? 


2. Approximately what percentage of gallstones can be visualized in flat films of the gall bladder area? Why? 
3. How may the gall bladder be visualized? 


4. Describe briefly the technique and procedure of the tetraiodophenolphthalein (Graham) test for gall- 
bladder function, using the intravenous and oral methods. 


5. Upon what principle does the test depend? 


6. What significance is attached to failure of a shadow of the gall bladder to appear after injection of the 
dye? In what percentage of cases is such a diagnosis found to be correct? 


7. Is the visualization of the gall bladder an indication that it is free from organic pathology? 


8. Is it possible for gall bladders showing norma] function to be the site of other pathology? In what per- 
centage of instances are stones found in such cases? 


9. What x-ray findings are present in the case of a polypoid adenomatous growth? Might this appearance 
be simulated by any other pathology? 


10. Would you depend upon failure to secure a gall-bladder shadow with the oral method as indication of 
pathology? Are present day oral methods considered as reliable as the intravenous methods? 


11. What is milk of calcium bile like and how does it appear in the roentgenogram? Would it be detected by 
a preliminary examination of the gall bladder? 


12. What method may be used to detect a stone remaining in the common bile duct? 


13. What are the most common causes of biliary fistula and how may they be demonstrated roentgenograph- 
ically? 


14. How may the common bile duct be visualized in a patient in whom the gall bladder has been removed? 
15. What is cholangiography and how is it carried out? 
16. What information can be gained from cholangiographic examination after gall bladder removal? 


17. What complications may develop after massive injuries to the liver? 
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PART V 


URINARY TRACT 


I. ANATOMY—Roentgen (Chapter XXIII) 
A. Structures of roentgenological importance 
1. Normal] position of urinary organs 
2. Urine collecting apparatus 
3. Points of natural ureteral constriction 
4. Psoas muscles 


Il. ROENTGEN EXAMINATION 
A. Methods of examination 
1. Ordinary x-ray examination 
2. Contrast urography 
a. Excretory urography 
b. Retrograde urography 
c. Advantages and disadvantages of both 


Il. PATHOLOGY —Roentgen evidence of, 
A. Kidney and ureter 
1. Urinary calculi 
a. Types 
Opaque 
Nonopaque 
b. Location 
c. Size 
d. Differentiation from, 
Gallstones 
Calcified costal cartilages 
Calcified mesenteric nodes 
Fecaliths 
Phlieboliths 
Foreign bodies in intestinal tract 
Warts 
Artifacts 
Calcified tumors 
Calcifications in blood vessels 
2. Urography 
Pyelography and ureterography 
a. Normal pelvic and ureteral structure 
b. Pyelovenous, pyelolymphatic and pyelotubular backflow 
c. Dilatation of kidney pelvis and ureter 
Hydronephrosis 
Causes of dilatation and sequence of changes 
Influence of obstruction on renal function—nephrogram 
Infection—pyelonephritis 
Pyogenic 
Tuberculous 
d. Tumors of kidney 
Parenchyma 
Malignant 
Benign 
Cyst 
Polycystic kidney 
Kidney pelvis 
Papillary 
Malignant 
Benign 
Non papillary 
Malignant 
Benign 
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e. Parenchymal (cortical) necrosis 
From tumor 
From pyogenic abscess; carbuncle of kidney 
From tuberculous infection 
f. Anomalies of kidney 
Agenesia 
Malposition 
Unilateral 
Rotated 
Fused 
Horseshoe 
Kidney pelvis and ureter 
Bifurcated kidney pelvis 
Branching ureter 
Double ureter 
g. Injuries of kidney and ureter 
External 
Postoperative fistulae, urinary suppression from 
Internal 
From instrumentation and other causes 
B. Psoas muscles 
1. Obliteration of psoas shadow from 
a. Hemorrhage 
b. Perinephritic abscess 
c. Infiltrating malignancy 
C. Bladder 
1. Methods of examination 
2. Abnormalities of size and shape 
3. Foreign bodies 
4. Bladder calculi 
5. Diverticulae 
6. Fistulae 
7. Trabeculation of the bladder 
8. Neurogenic bladder 
9. Ureterocele 
10. Ectopic ureterocele 
11. Ureteral reflux 
12. Tumors 
13. Rupture 
14. Cystitis 
D. Prostate and Urethra 
1. Ordinary examination—prostatic calculi, foreign bodies 
2. Urethrography 
a. Method of examination 
b. Normal urethra 
c. Prostatic lesions 
1) Carcinoma 
2) Benign hypertrophy 
3) Prostatitis 
. Congenital constriction of bladder neck 
. Neurogenic bladder 
. Rupture of urethra 
. Stricture of urethra 
. Diverticula of urethra 
. Posterior urethral valves 
3. Seminal vesicles 
E. Perineal operative procedures 
F. Adrenal gland 
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Chapter XXIII 


URINARY TRACT 


ANATOMY. Normally the kidneys lie on either 
side of the spine in the lower dorsal and upper lum- 
bar regions between the levels of the upper margin 
of the eleventh dorsal and lower margin of the third 
lumbar vertebrae. They are tucked up well under 
the rib margin posteriorly, the right kidney extend- 
ing slightly lower than the left. They are flattened 
from before backward and lie with their long axes 
vertical to the spine and their short diameter hori- 
zontally. Maintenance in this position is due in part 
to the perirenal structures but mainly to the intra- 
abdominal pressure produced by the tone of the ab- 
dominal muscles. 

The urine is collected as it is excreted by nu- 
merous small cuplike structures, the minor calices; 
passed on into the larger branches or major calices 
which in turn empty into the main portion of the kid- 
ney pelvis and ureter. Ordinarily, there are three 
major calices, the superior (or cephalic), the middle, 
and the inferior (or caudal) calyx, each being formed 
by the union of varying numbers of minor calices, 
usually in clusters of two or three to each. Occa- 
sionally there may be only two, but rarely is there 
a greater number than three major calices. There 
may be wide variation in the structure of the pelvis 
in different individuals but regardless of the type 
they usually are similar on both sides. 

The kidney pelvis joins with the ureter at the 
uretero-pelvic junction; with the exception of the 
lowest point of the inferior calyx, the ureter drains 
the pelvis at its lowest point. The ureters course 
downward parallel with the lumbar spine at about the 
outer margin of the transverse processes of the 
vertebrae. They cross the bony pelvis near the 
sacroiliac joints and empty into the bladder slightly 
lateral to the midline on either side low down in the 
bladder area. There are three points of natural nar- 
rowing of the ureter in its course: 

1. At the uretero-pelvic junction, 

2. As the ureter crosses the brim of the bony 

pelvis, and 

3. At the uretero-vesicle junction. 

The bladder itself forms a rounded hollow mus- 
cular structure lying low down in the bony pelvis, 
rising upward into the abdomen as it becomes dis- 
tended with urine. The prostate lies immediately be- 
hind the symphysis pubis, surrounding the urethra at 
its attachment to the bladder. This portion of the 
urethra is known as the prostatic or deep urethra 
while the distal portion is known as the pendulous 
urethra. 

The psoas muscles form strong heavy struc- 
tures having attachment as high up as the last two 
dorsal vertebrae and extending obliquely downward 
on either side of the spine. 


ROENTGENOLOGICAL EXAMINATION. None 
of these structures can be seen roentgenologically 
with a similar degree of clearness to the heart and 
great vessels in the chest; this is because there is 
not sufficient difference in density between the struc- 
tures examined and the surrounding tissues. Usually, 
however, the size, shape, location and homogeneous 
structure of the kidneys, and their surrounding peri- 
renal fatty deposits is sufficient to render the kidney 
outlines clearly visible. It is quite obvious that over- 
shadowing fecal material in the intestines will hinder 
proper visualization of the kidney structures so that 
thorough cleansing of the gastrointestinal tract is 
essential. This is best accomplished by a thorough 
cathartic, one which while it rids the tract from fecal 
material, does not produce gas or cause griping or 
other disturbance. Castor oil, used extensively in the 
past, has certain features which are objected to by 
many people, griping, unpleasant taste and nauseating 
feeling, etc. Recently, senna, as dispensed in a new 
preparation X-Prep (Gray Pharmaceutical Co. Inc., 
Newton 58, Mass.) as a proprietary medication has 
been found very satisfactory without the above men- 
tioned disagreeable conditions. 

Dulcolax (License issued to C. H. Boehringer, 
John, Ingelheim, Geigy, Ardsley, N.Y.) a similar pur- 
pose substance, initiates peristaltic activity by reflex 
nervous action on contact with the nerve endings of 
the colonic mucosa. It is not dependent on systemic 
absorption and acts directly and exclusively on the 
large bowel. One to three tablets at bedtime can be 
relied upon for cleansing movement the next morning. 
Suppositories bring prompt evacuation within 15 to 60 
minutes leaving a clear field for x-ray examination 
obviating any need for cleansing enema. 

Lavema (brand of oxyphenisatin) an enema pow- 
der stabilized with edathamil disodium in lactose q.s. 
ad 3 gm. is related chemically to phenolphthalein 
oxyphenisatin and has comparative laxative properties 
when added to an enema solution, produce a moderate 
cathartic effect on the colon and has a local stimula- 
ting effect on the mucous membrane of the large in- 
testine. The use of Lavema in a cleansing enema the 
morning of the examination may allow the omission 
of the oral administration of castor oil to obtain a 
clear colon. 

The Fleet Enema in a 4-1/2 oz. disposable unit 
has been used routinely at Lahey Clinic with satisfac- 
tion as preparation for sigmoidoscopy and x-ray exam. 
(See Manual of Roentgenological Technique, for prep- 
aration of patient.) Stereoscopic examination is ordi- 
narily unnecessary, although some radiologists favor 
this method of examination. Before a roentgenogram 
may be considered as of proper quality for detection 
of stone, it should have the following qualities: it 
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should include the last two ribs and the symphysis 
pubis; there should be detail in the transverse 
processes of the vertebrae; the psoas muscles should 
be clearly visible and there should be definite indica- 
tion of the kidney outlines. 


UROGRAPHY. The kidney pelves, ureters, and 
bladder usually cannot be seen in ordinary roentgeno- 
grams, except when the renal contour is outlined by 
the perirenal fat, and the bladder, filled with urine, 
is outlined against the less dense surrounding tissue. 
To render these structures more clearly visible, the 
urine must be made radiopaque. This can be done 
either by administration of a compound which will be 
excreted in the urine, the excretory urography meth- 
od, or by injection of a solution through a catheter 
into the urinary structures, the retrograde method. 


EXCRETORY UROGRAPHY or pyelography de- 
pends upon the kidney’s ability to excrete certain 
substances present in the blood. When organic iodide 
compounds are introduced into the circulation, the 
kidney passes them into the urine by a combined 
process of glomerular filtration and tubular excre- 
tion. To a certain degree, therefore, pyelographic 
visualization is a measure of renal function. Radio- 
graphic visualization depends also on the nature of 
the compound and the amount of radiopaque material 
it contains, in this case iodine. In general, the com- 
pounds originally utilized were tolerated less well 
systemically, and gave less opacity than the more 
recently developed contrast agents. The newer agents 
are Hypaque, Urokon, Renografin, Miokon, all of 
which have low toxicity, and relatively great radio- 
pacity by virtue of three iodine atoms per molecule. 

Intravenous (or intramuscular) urography has 
the advantage of not requiring instrumentation for 
performance. All that is required is the syringe and 
needle for injection, and the x-ray equipment. It 
therefore can be used as a procedure of choice in 
most instances, and as a procedure of necessity when 
cystoscopy is difficult, contraindicated, or dangerous. 
A qualitative measure of renal function at the time of 
examination is afforded. When there is poor kidney 
function and retention of nitrogenous products in the 
blood, no excretion of contrast material is likely to 
occur. Poor or non-visualization of structures after 
intravenous urography does not indicate the length of 
time kidney dysfunction has been present, or will be 
present, nor does it necessarily indicate the respon- 
sible lesion. Occasionally poor or non-visualization 
occurs because of technical factors, or because of 
general poor circulation and debility, or due to other 
factors not understood. Intravenous urography vis- 
ualizes adequately functioning renal parenchyma and 
its collecting system, making possible the demonstra- 
tion of anomalies which might be overlooked when 
retrograde injection of the collecting system is at- 
tempted. For example, an aberrant kidney and its 
ureter is visualized by excretory urography but with 
retrograde injection it is only demonstrated when its 
ureteral orifice is catheterized and injected. 

Excretory urography is accomplished in the 
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overwhelming majority of cases by intravenous ad- 
ministration of the contrast material, the simplest, 
most efficient technic. In young infants, the oral 
method using Hippuran, or the subcutaneous method 
may be called upon, but the quality of pyelograms is 
less good (Friese-Christiansen). An intraosseous 
route of introduction is to be condemned because of 
the risk of osteomyelitis. 

Disadvantages of excretory urography are two. 
Structures are less opaquely and less distinctly shown 
than by retrograde pyelography. A slight risk of ad- 
verse reaction accompanies the excretory method. 
This does not seem to be a true allergic reaction as 
originally thought by some, but to be an idiosyncratic 
response which is elicited in some persons by a small 
dose, similar to the response which all individuals 
might have if the dose were large enough. (Knoefel) 
Although the incidence of fatal reactions is very low, 
one per 100,000 examinations, pyelography should not 
be performed without adequate indication, and without 
preparation for handling of the rare untoward re- 
sponse. 


RETROGRADE PYELOGRAPHY presents the 
clearest outline and greatest radiopacity and detail of 
urinary structures. The necessary cystoscopy and 
passage of catheters has the disadvantages of any in- 
strumentation and risk of infection, but has the ad- 
vantage of affording a direct view of the urethra and 
bladder. With modern technics and antibiotics, the 
risk of infection is greatly minimized. False passage 
of catheters and injection of contrast material into 
surrounding tissues is not desirable, but is seldom of 
serious consequence. Retrograde pyelography com- 
monly refers to injection of opaque solutions, but on 
certain indications, air is used as the contrast agent. 

In unusual instances where neither retrograde 
or excretory urography is possible, Wickbom has used 
direct puncture of the kidney pelvis for pyelography 
without deleterious effect. Delayed pyelography re- 
fers to films made at intervals after either excretion 
or retrograde technics. In this way abnormal reten- 
tion of urine indicates inadequate evacuation, a fact 
which may not be obvious on the initial films. 


ROENTGEN EVIDENCE OF PATHOLOGY 


URINARY CALCULI.* Perhaps the most fre- 
quent examination of the urinary tract is for the de- 
tection of stones. Stones may have their origin, 1) in 
the parenchyma or, 2) within the kidney pelvis itself. 
Parenchymal stones develop usually in the papillae 
as the result of toxic action or infection. There 
seems to be an unusual] attraction of calcium salts 
for regions of parenchymal destruction. Either 
pyogenic or tuberculous infection may be the cause 
of this destruction giving rise to stone formation. 
Depending upon the character of the urine at the 
jime this occurs, these stones may be calcium oxa- 
late, carbonate, phosphate, or whatever salt pre- 
dominates in the urine at the time. Stones developed 
in this fashion pass down into the calices, pelvis and 
finally may descend into the ureter and bladder. 


*An asterisk following any title indicates that roentgenographic reproductions illustrating this condition will be 


found in the pictorial supplement at the end of the chapter. 
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Pelvis stones which have their origin within the kid- 
ney pelvis are usually due to retardation of urinary 
flow. Any slowing of the passage of urine favors 
precipitation of its salts and stone formation. 
Foreign or necrotic material, the products of infec- 
tion, blood clot, etc., may serve as the nucleus of 
stone formation. Fortunately a large percentage 
(about 97%) of stones found in the urinary tract are 
inorganic and therefore are opaque to x-rays. Even 
stones of organic composition may, by indirect 
means, become visualized also. Calcium oxalate 
stones are especially dense having feathery edges. 
They cannot be dissolved or gotten rid of by any 
method other than removal. Uric acid stones are 
especially non-opaque; they are visualized by the 
filling defect they produce in opaque injected media. 

Calcium deposits may occur in any location in 
the urinary tract, (Goldstein and Abeshouse). They 
may be found very rarely in the parenchyma of the 
kidney; when they occur in the region of the papillae 
they are usually calcareous deposits which have re- 
sulted from other pathological processes, such as 
tuberculosis or hyperparathyroidism. When they 
result from tuberculous infection they usually affect 
the papillae of only a few of the calices; whereas in 
nephrocalcinosis from hyperparathyroidism (hyper- 
calcemia) they are widespread involving usually the 
papillae for all caliceal structures in both sides. 
Similar calcium deposits have been reported in as- 
sociation with Sarcoidosis, (Davidson, et al.). 

Calculi are most frequently found in the urin- 
ary passages: the kidney pelves, ureters, or blad- 
der. Small calculi, passing down the ureter, are 
most likely to be held up at one of the three points of 
natural constriction; at the uretero-pelvic junction, 
as the ureter crosses the bony pelvis, or at the 
uretero-vesicle junction. Careful search should be 
made in these locations, although it is possible for a 
stone to be obstructed in its passage at any location. 

For identification of a small structure such as 
a urinary stone it is necessary to localize it to the 
ureter or pelvic structure. In order to do this it is 
necessary either to pass a catheter into the ureter 
by cystoscopy or fill the urinary tract with opaque 
Substance. Even though this shows a small shadow 
to lie directly over the catheter this is not sufficient 
for its absolute localization to the ureter. Double 
exposures on the same film, or on two successive 
films, with shift either of the x-ray tube or the pa- 
tient is necessary. If the stone is in the ureter it 
should follow the ureteral catheter at both exposures 
maintaining its close relation. If it separates from 
the catheter in either exposure then this indicates 
that it is not within the ureter. 

Stones in the urinary tract vary greatly in size; 
they may be tiny, hardly larger than a grain of sand— 
in fact, large quantities of such stones are referred 
to as urinary “sand.” Sand of this type is rather rare 
since it usually is readily passed and does not have 
an opportunity to accumulate. It can occur in such 
amounts, however, as to completely pack the ureter. 
Small irregular stones forming in the calices or kid- 
ney pelvis give rise to typical symptoms of renal 
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Fig. 274 


colic as they pass down the ureter; such stones even 
when they are scarcely more than a few millimeters 
in diameter are usually readily visible. Such stones, 
arising in the kidney pelvis may not pass but remain 
in situ, gradually enlarging by successive urinary 
deposits until they reach enormous size; they some- 
times form complete casts of the kidney pelvis, 
known as *stag-horn calculi.” Such large calculi 
cause few if any symptoms for many years, but 
finally they are usually followed by infection from 
local irritation. In such cases pyelography is of 
value in localizing the stone to the kidney pelvis and 
determining the extent of kidney damage which has 
resulted from the stone formation. 

The staghorn calculus, because of its opacity 
and excellent outlining of calices and pelvis, is some- 
times mistaken for contrast medium, and goes un- 
recognized. 


Numerous conditions occur in the abdomen 
which may be confused with urinary calculi. Chief 
among these are: 


1. Gallstones 
2. Calcifications in costal cartilages 
3. Calcified mesenteric lymph nodes 
4. Fecaliths 
5. Phleboliths 
6. Calcified necrotic fat nodules in the omentum 
7. Foreign bodies in the intestinal tract 
8. Warts and moles on skin 
9. Calcification in uterine fibroids and ovarian 
tumors 
10. Calcified plaques in vessel walls 
11. Artefacts of other types 
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Gallstones of course can only be confused with 
urinary stones when on the right side. Being nearer 
to the anterior abdominal wall, their shadows will be 
smaller in posteroanterior examination since they 
are nearer to the film in this position than in the an- 
teroposterior view in which kidney examinations are 
ordinarily made. Gallstones are often faceted, uri- 
nary calculi rarely so. Lateral view examination is 
helpful in differentiation. 

Calcified deposits in the costal cartilages may 
fall over the kidney shadow giving the impression of 
stones. Re-examination by special technique, tucking 
the edge of the cone under the costal margin, elimi- 
nates all costal cartilages from the examination, per- 
mitting a definite diagnosis of stone. 

Calcified mesenteric lymph nodes are usually 
quite movable; often they can be widely displaced 
under fluoroscopic examination by abdominal palpa- 
tion. If fluoroscopic visualization is impossible, a 
second roentgenographic examination in the upright 
position will disclose any change in relationship be- 
tween the kidney and the suspicious shadow. 

Fecaliths, or concretions in the intestinal wall, 
appendix or diverticula; phleboliths, or rounded cal- 
careous deposits in the walls of the veins or surround 
ing small areas of fat necrosis in the omentum and 
foreign material in the intestinal tract, such as fruit 
pits, etc., all can be differentiated from urinary cal- 
culi by their inconstancy of appearance in relation- 
ship to the urinary tract. On roentgenographic ex- 
amination such a small calcareous deposit may lie 


directly over the shadow of the ureteral catheter. To 


determine if the deposit lies in the ureter merely 
make a second roentgenogram after shifting the posi- 
tion of the patient or x-ray tube and if the shadow is 
a ureteral stone it will maintain its close relation- 
ship with the catheter. 

Warts and moles on the skin of the back, when 
closely pressed against the cassette, may cause very 
suspicious shadows on the roentgenogram. Their 
constancy in appearance in the same location at sub- 
sequent x-ray examination makes them even more 
confusing. Examination in upright position, causing 
some displacement of the kidney, reveals their change 
in relationship with that organ. Close inspection of 
the skin will detect the offending skin lesion. 

Other artifacts, such as marks on the film or 
intensifying screen, as small mouldy growths on 
either, can be identified by their constant position on 
the film even when the screen is turned around into 
some other relationship with the part examined. A 
roentgenogram taken with another screen will cause 
such artifacts to disappear. 


NORMAL PYELOGRAPHIC ANATOMY.* The 
kidney pelvis, being of similar density to other sur- 
rounding soft tissues is invisible on ordinary roent- 
genographic examination. The structures are made 
visible by excretory or retrograde urography. Kid- 
ney pelves vary considerably in different individuals 
but there are certain common characteristics seen 
in practically all: there are usually three major 
calices, superior (or cephalic), middle, and inferior 
(or caudal), each of which drains clusters of two, 


three, or even more minor calices; the cup-shaped 
ends of the minor calices should show as sharp 
points at the rim. The kidney pelvis should drain at 
its lowest point, with perhaps the exception of the 
lowermost point of the inferior calyx. The lower 
border should be convex upward; occasionally an 
anomalous renal vessel causes the lower border to 
be at right angles to the ureter; this may or may not 
be of pathological significance. The ureter courses 
downward, parallel to the spine near the outer mar- 
gins of the transverse processes; ordinarily it is not 
more than half a centimeter in diameter. 

At times where a more detailed examination of 
the ureter is required or for some reason it cannot 
be secured by ordinary means, the employment of a 
conical-tipped Braasch-bulb ureteral catheter for 
plugging the lower end of the ureter during injection 
may be resorted to thus insuring a well-filled ureter 
during roentgen examination (Fig. 274). 

Ordinarily the kidney pelvis holds about 7.5 cc.; 
injection of this quantity of material should complete- 
ly fill the pelvis. Dilatation of the pelvis may be so 
great that the retained urine will dilute 7.5 cc. of 
opaque solution so much that scarcely any shadow 
will be seen on the roentgenogram. 


PYELORENAL BACKFLOW; (PYELOVENOUS, 
PYELOLYMPHATIC AND PYELOTUBULAR) (Fig. 
275 A,B,C). Toogreat pressure on injection will result 
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A. Pyelotubular Backflow 
—Upper Calices. 

B. Pyelovenous Backflow 
— Lower Calices. 


Fig. 275A and B Fig. 275C 


in expressing the opaque solution back into the tubules 
and vascular and lymphatic structures of the kidney 
known as pyelorenal backflow. Pyelotubular back- 
flow gives rise to the appearance of numerous fine 
opaque lines, radiating outward into the kidney sub- 
stance from the centers of the minor calices toward 
the periphery along the lines of the kidney tubules. 
Such backflow may extend entirely to the subcapsular 
region (A). If the opaque material is forced back into 
the venous channels (pyelovenous backflow), fine radi- 
ating lines appear at the margins of the cups of the 
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minor calices (B); whereas in pyelolymphatic back- 
flow (C) definite tortuous channels extend back toward 
the midline. When Skiodan or other water-soluble 
nonirritating solutions are used, this is of no patho- 
logical significance, since such solutions can ordi- 
narily be injected directly into the circulation anyway 
without mishap. Any of these forms of pyelorenal 
backflow can be readily identified since they disappear 
at once and are gone by the time another roentgeno- 
gram can be made. 

Bauer has concluded from experimental and 
clinical observations that pyelorenal backflow seen in 
intravenous pyelography is the result of excess ab- 
dominal pressure retarding the ureteral flow thus 
damming back the pressure into the renal pelvis pro- 
ducing similar conditions to those in retrograde 
pyelography which produce the same effect, - in- 
creased intrapelvic pressure. Hinkel, however, has 
observed the brush-like type of pyelorenal backflow 
in patients who have not had ureteral compression 
during intravenous backflow and has concluded that it 
may be caused by use of concentration of the opaque 
media or too rapid injection. This would seem to be 
the explanation where it follows rapid injection in 
aortography. 


HYDRONEPHROSIS; DILATATION OF KIDNEY 
PELVIS (Fig. 276A). Anything which obstructs the 
natural flow of urine will ultimately cause dilatation 
of the kidney pelvis. This may be from a stone plug- 


ging the ureter or stricture of the ureter from pre- 
vious passage of a stone; it may be due to kinking of 
the ureter from pressure of an aberrant vessel, 
ptosis of the kidney or pressure of an extrinsic 
growth. The first roentgenographic indication of di- 
latation of the pelvis is usually seen in the lower bor- 
der of the pelvis; it loses its natural upward curve, 
at first becoming flattened, and later, as dilatation 
continues, bulges downward. As the pressure in- 
creases and dilatation continues, the major calices 
become shorter and thicker and the minor calices 
become stubby and the margins of their cusps be- 
come rounded; dilatation may reach such a profound 
degree that the kidney pelvis merely appears as a 
rounded dilated sac with a few knoblike projections 
at the sites of the calices. The succession of events 


in 


Fig. 276A 


which take place with dilatation of the kidney pelvis 
from increase in pressure may be more clearly 
understood by observing the inflation of a toy animal 
balloon. With a normal degree of air pressure the 
balloon is distended to such a degree that the animal 
assumes its natural shape, rounded body, slender 
legs, and sharp clear-cut ears, snout and hoofs. Any 
increase in pressure is at first indicated by dilatation 
of the body and rounding of the belly of the animal; 
upon further inflation, the legs become shorter and 
thicker and finally on extreme inflation the snout, 
ears and hoofs lose their sharp, clear-cut outlines 
and assume the appearance of rounded bumps. 

As the process of dilatation progresses, the 
lower border of the kidney pelvis sags more and 
more, and the uretero-pelvic junction creeps pro- 
gressively upward in relationship to the kidney pel- 
vis, so that the ureter no longer drains the pelvis at 
its lowest point but at a point much higher up, pro- 
viding a water trap for the retention of the urine. 
Stagnation of urine always favors infection, and 
sooner or later this complication is bound to occur. 
Such dilation of the kidney pelvis is known as hydro- 
nephrosis; if infection has supervened, the condition 
is referred to as infected hydronephrosis or pyo- 
nephrosis. Dilatation of the terminal calices only 
is known as caliectasis. 

Large saccular diverticula of the ureter have 
a reported which may resemble pelvic dilatation, 

Culp). 

Persistent hydronephrosis results in thinning 
of the kidney parenchyma. That this is an index of 
the damage which has been done by the pelvic dilata- 
tion would seem self-evident. Measurement of the 
parenchymal! thickness whenever possible should be 
contained in the roentgenological interpretation, 
(Robins and Fischmann). 


URETERAL OBSTRUCTION FROM OCCLU- 
SION, CONSTRICTION OR KINKING. * Obstruction of 
the ureter from whatever cause, occlusion from 
stone, a new growth, cicatricial contraction or fi- 
brous band, or kinking from pressure of an aberrant 
vessel or ptosis, may lead to enormous dilatation of 
the ureter. Even obstruction low down in the region 
of the neck of the bladder or posterior urethra from 
congenital valve formation, may cause ureteral dila- 
tation which may even attain the calibre of the small 
intestine; as it dilates it becomes tortuous and may 
be thrown into folds. 

Such obstruction may occur at any point along 
the urinary tract. Obstruction at the ureteropelvic 
junction is a very common site. It is most frequently 
due to: 

1) occlusion from a stone, new growth or blood 

clot plugging the lumen, 

2) constriction from pressure of an aberrant 

renal vessel or fibrous band, 

3) kinking of the ureter due to ptosis of the kid- 

ney. 

An opaque stone detected on flat film examina- 
tion can easily be localized to the uretero-pelvic 
junction by pyelography (Fig. 276B,). A nonopaque 
stone can usually be dislodged into another position 
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in the kidney pelvis by introduction of a ureteral 
catheter. Blood clots are rarely so firm in consist- 
ency that they cannot be dislodged by lavage. Tu- 
mors, on the other hand, although they may present 
a somewhat different outline, usually remain undis- 
turbed in the same location at subsequent examina- 
tion. 

A common cause of obstruction at the uretero- 
pelvic junction is pressure from an aberrant renal 
vessel (Fig. 276B,). Any dilatation, confined to the 
kidney pelvis (unassociated with ureteral dilatation) 
must be assumed to be due to this cause. If the kid- 
ney pelvis is over distended the presence of an 
aberrant vessel defect may be readily over- 
shadowed; at some degree of filling however the 
characteristic appearance should be obtained. This 
may vary from an elongated cordlike defect from 
pressure of the vessel across the ureteropelvic junc- 
tion, to merely a squaring of the lower margin of the 
kidney pelvis at its junction with the ureter. Fibrous 
bands may also give a similar appearance (Fig. 
276B,). 

Kinking of the ureter with ptosis of the kidney 
is a cause of hydronephrosis and chronic infection 
(Fig. 276B,). It can be demonstrated readily by 
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examination in the upright position. Special urological 
x-ray tables are designed for elevating the patient 
into the upright position. Comparison of the films 
made in the horizontal and upright positions readily 
discloses the difference in position of the kidney with 
kinking of the ureter and pelvic dilatation. Prather 
has called attention to medial ptosis of the kidney as 
a cause of possible pathology. 

Ptosis of the kidney in itself may not be of any 
pathological significance; it may however, cause urin- 
ary obstruction with subsequent infection and be- 
come a chronic source of septic infection. In search- 
ing for an obscure cause of septic infection it must 
always be borne in mind. At the time of obstruction 
the urine may be so completely blocked off from the 
diseased side that urinalysis will not show the pres- 
ence of infection. In assuming the recumbent posi- 
tion, however, the infected side drains promptly and 
the temperature falls to normal. It must be con- 
sidered that in any obscure case of prolonged tem- 
perature reaction, separate specimens of urine must 
be examined from each ureter and pyelograms must 
be made to exclude any anomalous development of 
the urinary tract, before the urinary tract can be 
completely eliminated as a source of possible infec- 
tion. Ptosis implies descent of a kidney which was 
formerly in its normal high position; an ectopic kid- 
ney may have its normal position low down in the 
abdomen without abnormal function. 

Obstruction of the ureter is most frequently 
caused by occlusion of stone, opaque or nonopaque, 
during its passage through the ureter. 

Cicatrices produced by old scars from ureteral 
injury resulting from previous passage of urinary 
stones, may be single or multiple and may occur in 
any location in the ureter; the degree of dilatation of 
the ureter above the constriction depends upon the 
degree of obstruction produced. Obstruction at the 
ureterovesical junction leads to dilatation of the 
oree often extending to the kidney pelvis (Fig. 

B,). 

In certain instances, a hydronephrosis of vari- 
ous degree is seen in pregnancy. After delivery, the 
collecting system returns to normal in several weeks. 
Two explanations are given for the phenomenon. 
Kither the uterus causes pressure on the lower 
ureter, or hormonal changes during pregnancy affect 
the ureter. 


URETERITS CYSTICA. Ureteritis cystica, 
pyelitis cystica and cystitis cystica are similar con- 
ditions resulting from chronic inflammation. After 
the study and analysis of 57 cases, Loitman and 
Chiat are convinced that Von Brunn’s widely ac- 
cepted theory is the most plausible; cell nests de- 
velop from the downward proliferation of lining epi- 
thelium, separate and undergo central degeneration 
to become cysts. The typical roentgen appearance 
is that of multiple small round lucent defects pro- 
ducing a characteristic scalloping of the ureteral 
margins, when seen in profile. Such fibrocystic 
areas of thickening in the ureteral wall may so en- 
croach upon the ureter that they cause obstruction. 
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That there is an important relationship between 
hypertension and chronic atrophic pyelonephritis, not 
found with other surgical renal lesions, has been am- 
ply demonstrated. The most important diseases 
which may be responsible for acquired renal atrophy 
are: atrophic chronic pyelonephritis, primary atro- 
phy and pyonephrosis. Demonstration of a small uni- 
lateral contracted kidney may therefore be a very 
important finding, (Pendergrass, et al.). 


Pyogenic infection,* gaining access to the kid- 
ney substance by way of the blood stream, may-pro- 
duce large abscesses or so-called “carbuncles of the 
kidney.” Such infected areas may remain well en- 
capsulated until the abscess ruptures and discharges 
by a fistulous tract into the kidney pelvis. The kid- 
ney itself undergoes enlargement presenting a tumor- 
like mass but rarely affects the kidney pelvis until 
rupture occurs when a fistulous tract results. Such 
abscesses are associated with constitutional symp- 
toms of infection. Fortunately, they are very rare. 
A very unusual type of infection associated with nu- 
merous bubbles of gas throughout the kidney sub- 
stance and pelvis is sometimes encountered due to 
gas bacillus infection. Kalmi has combined hydrogen 
peroxide with contrast media for retrograde pyelog- 
raphy for the detection of small areas of ulceration 
as indicated by formation of small bubbles. 


Tuberculosis of the kidney* is a much more 
common cause of parenchymal necrosis (Fig. 278B,C, 
and D). Renal tuberculosis is always secondary to 
tuberculosis elsewhere in the body, usually pulmo- 
nary. Tubercle bacilli gain access to the kidney by 
way of the blood stream. In its early stage renal 
tuberculosis may not be recognized roentgenographi- 
cally. The demonstration of tubercle bacilli in the 
urine is the only true method of diagnosis of the dis- 
ease at this stage. The urine may be clear at this 
time but in its later stage albumin 
and leucocytes appear. Often the 
first clinical symptom is hema- 
turia. Renal tuberculosis may at- 
tack the medulla or the cortex of 
the kidney. If the medulla is the 
site of involvement, it has a 
tendency to caseation and pelvic 
involvement; whereas, when cor- 
tical involvement predominates, 
caseous necrosis is less frequent 
and there is a tendency to fibrosis 
and calcification and healing with 
atrophy. 

After the bacilli are found 
in the urine, pyelograms should 
be made to determine the extent and location in the 
kidney. In a goodly number of cases, renal tubercu- 
losis is bilateral; therefore, it is doubly essential to 
search carefully for evidence of involvement in the 
supposed “good” kidney before the removal of any 
diseased organ. Roentgenographically the pyelogram 
produced by leukoplakia is one of irregular cyst-like 
formations in the pelvis. This associated with pas- 
sage of epithelial fragments is sufficient for the diag- 
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Fig. 278C 


nosis. It is a precursor of squamous cell carcinoma 
and the kidney should be removed if possible, (Landes 
and Hamlin). 

The earliest manifestation of renal involvement 
may be erosion of the minor calices, often of the up- 
per pole. The lesion produced is essentially a pye- 
lonephritis of tuberculous etiology. The tuberculous 
infection causes small areas of destruction in the 
papillary structures, resulting in a moth-eaten ap- 
pearance in the minor calices. Continuous pouring of 
tuberculous infection into the calices, pelvis, ureter 
and bladder results in involvement of all of these 
structures. Tuberculous lesions of the pelvis result 
in strictures at the normal points of narrowing, es- 
pecially the infundibula, with even complete pinching 
off of the minor calix, with formation of caliectasis 
or renal cysts. Such cysts may accumulate calcium 
(Holm). There may be stricture at the ureteropelvic 
junction and at numerous other regions in the ureter, 
giving the ureter a beaded appearance from areas of 
constriction and dilatation. Similar strictures occur 
with non-tuberculous infections also. 

Reynolds et al. have analyzed 56 cases of tumor 
of the kidney with regard to their effects on location, 
distribution and caliceal structures with the following 
findings: 

Elongation 19 

Displacement 12 

Compression 13 

Amputation 12 

No caliceal disturbances. 

Calcium deposits may occur within caseous tu- 
berculous areas in the medulla. Involvement may be 
so extensive that the kidney may become completely 
destroyed by caseous necrosis with calcification, 
giving rise to the so-called ‘putty kidney.” Pyone- 
phrosis with complete destruction of the kidney may 
develop similar to that seen in infection from other 
causes. 

Unusual diffuse calcification of the kidneys can 
also occur following vitamin D intoxication and from 
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other conditions in which there is hypercalcemia with 
associated pyelonephrosis (Vaughn, et al.). 

Similar to the calcification in the putty kidney 
is that found developing after subcortical hemorrhage 
from trauma. 


TUMOR OF THE KIDNEY* (Fig. 279A, B, and 
C). Tumors may originate from any position or 
structure of the kidney. From the roentgenological 
standpoint those most frequently encountered may be 
roughly classified as to their location and physical 
characteristics as follows: 
Tumors of the kidney: 
I. Parenchyma 
A. Malignant 
1. Carcinoma 
2. Hypernephroma 
3. Sarcoma 
4. Wilm’s tumor 
B. Benign 
1. Solitary cysts 
2. Polycystic kidney 
3. Embryonic tumors--rare 
Other rarer tumors—adenoma, 
angioma, lipoma, fibroma, etc. 
II. Pelvis 
A. Papillary tumors 
1. Benign papilloma 
2. Papillary carcinoma 
B. Nonpapillary tumors 
1, Squamous cell epithelioma (carcin- 
oma) 
2. Transitional cell carcinoma 
3. Angiosarcoma 


Parenchymal malignant tumors, unlike those 
arising in pelvis, maya considerable size 
before they give rise to symptoms. Depending upon 
their location, enlargement may be in either pole of 
the kidney (Fig. 279A) or it may be general. Tumors 
of the kidney, by their growth, may cause distortion 
and elongation of the kidney pelvis and calices due to 
enlargement of the tumor mass (Fig. 279B) or they may 
actually encroach upon and occlude any segment of the 
pelvic structures by pressure (Fig. 279C). Ifallofthe 
calices are involved they may be drawn out and 
elongated giving the appearance of a “spider-leg” 
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pelvis, (Fig. 279B). Such malignant tumors occurring 
in older individuals such as, carcinoma and hyper- 
nephroma, sarcoma, cannot be differentiated roent- 
genographically. They frequently form large rounded 
tumors with smooth margins similar to the benign 
solitary cyst. In children, Wilms’ tumor produces 
enormous homogeneous enlargement of the kidney 
with pressure distortion of the kidney pelvis. They 
occur very rarely in adults, (Esersky, et al.). 

Approximately one third of renal tumors contain 
radiographically demonstrable calcium in some pat- 
tern. Neuroblastomas of the adrenal are also common 
tumors of childhood. They exert pressure on the pel- 
vis and calices. This tumor, arising extrinsic of 
renal parenchyma often resembles the intrinsic Wilms 
tumor. Neuroblastomas more frequently show calci- 
fication than do Wilm’s tumors. 

Malignant tumors of the kidney frequently me- 
tastasize, involving in order of frequency, lung, bone, 
liver, lymph nodes, and mediastinum. Bone metas- 
tases are almost always osteolytic. 


SOLITARY CYST OF KIDNEY * (Fig. 280). 
Benign parenchymatous tumors of the kidney are 
much rarer in occurrence 
than malignant tumors. Of 
these solitary cysts of the 
kidney are least uncom- 
mon. Solitary cyst of the 
kidney cortex may, by 
pressure on the kidney 
pelvis, produce a rounded 
: pressure defect which is 
evident in the roentgeno- 
gram. Such pressure may 
cause elongation of one or 
more calices, but they are 
never as slender and drawn 
out as those seen with new 
growth. Cysts of the lower 
pole displace the pelvis 
upward, those occurring in 
upper pole depress the 
pelvis. They are smooth and rounded and often ap- 
pear denser than the kidney. 

Cysts of this type may be due to simple serous 
cysts, hemorrhagic cysts, cysts associated with 
tumor, calcified cysts, hydatid, dermoid and tubercu- 
lous cysts, (Gutierrez). Such benign cysts are 
relatively rare; their appearance may be indistin- 
guishable from hypernephroma. 


Fig. 280 


Diagnostic Kidney Puncture. Diagnostic punc- 
ture o ey especially for differentiation be- 
tween renal cysts, tumors and perirenal processes 
has been advocated by Lindblom. This is not done 
routinely but only where there is doubt. Injection of 
contrast medium is made if the diagnosis is question- 
able. In cysts the medium may sink to the bottom or 
become evenly mixed, with repeated withdrawals and 
injections. In tumors the contrast medium diffuses 
out into the growth in a characteristic manner. 
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POLYCYSTIC KIDNEY * (Fig. 281). Congenital 
polycystic kidney presents, first of all, an enlarged 
kidney with a somewhat 
irregular nodular out- 
line. The kidney pelvis 
SX ‘ is usually large in ex- 
SS tent but often rather 
small in capacity. 

Pressure of numerous 
small cysts of the cor- 
tex on the calices and 
kidney pelvis produce 
eS. an almost character- 
b> istic spindlelike narrow- 
‘ ing of the major calices 
X and flaring of the minor 
NS calices. When fully de- 
veloped the diagnosis is 
simple, but in its early 
stages it may be quite 
difficult. Injection of 
the vasculature of the 
renal structures by 
aortography (q.v.) may 
produce conclusive diagnostic evidence, (Billing). 

The condition is usually bilateral; in only a 
small percentage of instances (15 to 18 %) is it ob- 
served as a unilateral involvement at autopsy. Al- 
most invariably if one kidney is removed surgically 
for polycystic involvement, even if the other appears 
normal, the second kidney soon develops polycystic 
characteristics. It is, of course, congenital in origin 
but it may be dormant for many years and not give 
manifestations of its presence until well into adult 
life. 
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Fig. 281 


Polycystic disease in infants may be most dif- 
ficult to recognize since they usually range from 
microscopic to a few millimeters in size. Collection 
of the opaque material in the tubules due to difficult 
excretion produces a tendency to nephrogram devel- 
opment which may be a clue to the examination. If 
the margin of the kidney is visualized through the 
stomach bubble the granular-like appearance of the 
tiny cysts may be visualized, (Hinkel and Saktini). 


HEMANGIOMA OF KIDNEY. Hemangioma of 
the kidney is an unusual type of benign tumor. It 
usually occurs in the kidney parenchyma adjacent to 
the pelvic structures. It is associated with inter- 
mittent attacks of hematuria, a fact which may lead 
to a diagnosis of tuberculosis or carcinoma. 

Roentgenologically the tumor produces rather 
suggestive manifestations; there is; compression of 
the fornix of a major calyx, with deformity of the in- 
fundibulum and filling defect throughout its major 
portion. A small amount of contrast material es- 
capes from the edge of the calyx into the adjacent 
blood vessel tumor. The expanded club-shaped ma- 
jor calyx and its decrease in density are probably 
due to blood clots which it contains. 

When such roentgen manifestations are pres- 
ent in a patient (usually under 40 years of age) hav- 
ing recurrent episodes of hematuria and renal colic, 
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a diagnosis of renal hemangioma should be considered, 
(Friedman and Solis-Cohen). 


Papillary Tumors (Fig. 282) arising in the 
pelvis rarely attain sufficient size fo cause great 
enlargement of the kidney; because of their location 
they cause symptoms early in the disease. Pyelogra- 
phy cannot differentiate benign from malignant papil- 
lomata in the kidney pelvis. Papillomatous growths 
springing from the renal 
mucosa (A), project into 
the kidney pelvis. They 
may be single isolated 
lesions, in which case 
they must be differ- 
entiated from an air 
bubble, nonopaque stone, 
or blood clot. Air bub- 
bles introduced by in- 
jection with the opaque 
material of course, will 
be easily displaced or 
eliminated by change in 
position of the patient. 
An unusual condition in 
which air bubbles ap- 

; pear in large numbers 

* in the pelvis is in asso- 

4 ciated infection with gas 

b bacillus, following septic 
infection from such 
Causes as septic abor- 
tion. Nonopaque stones 
are usually small and 
may be displaced into 
new positions by posi- 
tion of the patient or 
may appear in different locations on subsequent ex- 
amination. Polyps are attached to the surface and 
remain constant at all examinations projecting out 
into the kidney pelvis as rounded nonopaque filling 
defects. At times they extend down the ureter either 
as prolongations of pelvic growths or as implants in 
the ureter from the primary growths in the pelvis 
above. If multiple, they may completely fill the pel- 
vis giving the appearance of polyposis. Such an ap- 
pearance can be stimulated by ringlike gall stones 
superimposed on the kidney pelvis. Multiple gas 
bubbles, mentioned above. associated with gas 
bacillus infection may give this appearance; fortu- 
nately such infections are very rare. Small blood 
clots, if fresh, are usually rounded; but if organized, 
show an irregular margin and decomposition. Lavage 
of the pelvis changes their appearance on subsequent 
examination. 

Nonpapillomatous tumors of the kidney pelvis 
(B) form filling-defects which project into and pre- 
vent complete filling of the pelvis the same as any 
other cavity. Their margins may be ragged and ir- 
regular or fairly smooth. They may be difficult to 
differentiate from blood clots but subsequent exami- 
nation after lavage will show changes in appearance 
if they are due toa blood clot. Almost all tumors 
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arising from the flat surface of the pelvis are ma- 
lignant; their cell type cannot be differentiated 
roentgenologically. They may fill the pelvis and 
project down into the ureter causing complete occlu- 
sion. Squamous cell carcinoma of the renal pelvis 
is sometimes associated with longstanding kidney 
calculi. 


PARENCHYMAL (CORTICAL) NECROSIS * 
(Fig. 283). The three conditions chiefly concerned 
in the production of parenchymal necrosis are: new 
growths, pyogenic abscess, and tuberculosis. 

At times a large bulky tumor, by reason of de- 
ficient blood supply, becomes necrotic in the center 
of the growth, forming a large softened area. This 
finds its way to the kidney pelvis into which it dis- 
charges its necrotic infected material (A). Obvious- 
ly, in such a case, opaque solution injected into the 
kidney pelvis will pass out beyond the normal con- 
fines of the pelvis into the ragged irregular cavity in 
the parenchyma. Any condition then, in which in- 
jected opaque solution escapes from the pelvis into 
the surrounding kidney cortex must be due to 
“parenchymal necrosis.” The cause of necrosis can- 
not always be determined from the roentgenogram 
alone, but usually correlation with the other roentgen 
findings and clinical history is sufficient to come to 
a conclusion. 

When necrosis occurs as a result of tumor 
formation, it rarely occurs until the tumor is large 
and bulky. By this time, during its growth, the 
tumor has left other unmistakable signs of its pres- 
ence on the other pelvic structures, such as elonga- 
tion of calices or pressure and destruction of the 
pelvis (Fig. 283A). The fistulous tract is relatively 
small, 

Primary abscess of the kidney from direct 
blood stream inoculation causes local necrosis of the 
kidney substance, breaking through by a fistulous 
tract to discharge its pus into the kidney pelvis, in- 
testine or through the diaphragm. The fistulous 
tract is relatively small. The pelvic structure itself 
may show no dilatation or other abnormality, or 
there may be distortion of the calices from pressure 
of the abscesses (Fig. 283B). The pinching off of 
calices from scar tissue retraction with caliectasis 
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of the terminal calices is a very reliable sign in 
chronic tuberculous infection. 

Hematuria, usually of an intermittent type, is 
a common accompaniment of both tuberculous infec- 
tion of the kidney, and tumor; it may be difficult to 
differentiate between the two conditions. In tumor 
the effect of new growth on the kidney pelvis is the 
chief manifestation, necrosis is only secondary, 
whereas in tuberculous infections there are less 
manifestations of distortion of the pelvis from new 
growth. In tuberculosis likewise there are often 
multiple fine calcifications at the periphery. The 
detection of tubercle bacilli in the urine is, of 
course, an absolute indication of the true nature of 
the disease. 


RENAL PAPILLARY NECROSIS; (NECROTIZ- 
ING PAPILLITIS). This is an unusual type of acute 
infection of the papillary structures of the kidney 
which usually occurs in diabetic patients; of 181 
cases reported to 1956, only 10% did not have dia- 
betes; Evans and Ross in a study of the subject point 
out that, “1) it is a suddenly developing and rapidly 
progressing necrotizing bacterial lesion that must be 
treated aggressively and without delay. 2) The se- 
lective necrosis involving the tips of the papillae im- 
pairs the urinary drainage of the associated nephrons, 
making definitely hazardous the use of sulfanamide 
drugs and related compounds with their known tend- 
ency to precipitate out in the renal tubules under 
conditions of urinary stasis or acid-base imbalance.” 

The infection starts with scattered abscesses 
located in the renal pyramids; these coalesce causing 
necrosis and sloughing of the pyramid structures 
which may be passed in the urine and recognized 
microscopically leading to the diagnosis. All pyra- 
mids of both kidneys may be involved in complete 
sequestration of these vital structures. 

Roentgenologically the early diagnosis may be 
difficult or impossible. Since the infection does not 
immediately attack the calyceal structures (Ottoman, 
et al.), pyelograms may not disclose the destruction 
taking place in the renal papillae, and not until these 
are involved does haziness of the calyceal structures 
become evident. The findings bear a striking re- 
semblance to renal tuberculosis. 

Christoffersen and Andersen have concluded 
after the study of 8 cases of renal papillary necrosis 
that this rare condition is almost invariably fatal 
with its highest mortality in elderly patients with 
diabetes mellitus or other urologic pathology. It is 
always associated with pyelonephritis and its symp- 
toms include those of any other profound infection, 
such as high fever, pain, chills, pyuria, even anuria, 
etc. The onset is severe and the symptoms pro- 
nounced; it is the severity of the symptoms ina 
known diabetic which gives the initial clue. Olson 
has found that neither diabetes nor obstruction is 
necessary for production of necrotizing papillitis but 
both are most frequent etiological factors in the 
presence of infection. Although many diabetics have 
both, in only a few does the condition develop. Either 
spontaneous renal or perirenal emphysema or necro- 
tizing papillitis may occur with similar factors of 
obstruction and infection. 
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CALYCEAL DIVERTICULUM. These are 
rounded cyst-like structures occurring in the paren- 
chyma and connected by a narrow channel with the 
pelvis, therefore visible on pyelograph examination. 
They are thought to be congenital in origin. They re- 
semble the saccular lesions of papillary necrosis, 
but are not related to urinary infection. Small cal- 
culi can be found in the diverticulum. Except for 
passage of the calculi into the renal pelvis and 
ureter, these structures are not thought to be of 
Clinical importance. 


ANOMALIES OF THE KIDNEY.* Anomalies of 
development, size, position, form or outline, and 
structure give rise to many bizarre appearances 
which under most instances must be considered as 
normal for the individual. First of all, there may be 
a congenital failure of development of one kidney 
known as RENAL AGENESIA. Under such conditions 
the remaining kidney is larger than normal and is 
more apt to be the site of disease. Or an entirely 
separate extra kidney may be present known as a 
supernumerary kidney. Their structure may be in 
every respect similar to fully developed kidneys. 
The kidneys may be located in almost any position 
in the abdomen, or even in the thorax, (Weens and 
Johnston; Schwartz and Frankel). They may be low 
down, in the true pelvis (ectopic) (Fig. 284A), or 
they may both be on the same side of the abdomen 
(crossed ectopic). They may be rotated on their 
vertical or horizontal axes giving rise to a peculiar 
axial appearance of the calices as views “on end” 
(Fig. 284B). When the kidneys are in normal posi- 
tion, the lateral radiograph shows no part of the 
calyces or pelvis projecting beyond the anterior sur- 


face of the vertebral bodies. 


Both ureters may go toa 
single kidney structure or 
the two kidneys may be 
fused on one side of the ab- 
domen (fused kidneys), 
(Fig. 284C). Small kidneys 
known as atrophic or infan- 
tile kidneys are occasion- 
ally encountered. 

The two kidneys may 
be fused by their cortical 
portions across the spine, 
each retaining its own sep- 
arate kidney pelvis and 
ureter producing a so- 
called “horseshoe” kidney 
(Fig. 285); in this event the 
cortical portions are di- 
rected inward near the 
lower poles over the spine 
and the pelves are on 
either side with the calices 
of each directed inward. In 
horseshoe kidney the basal- 
pyelographic angle is often 
less than 20° as pointed out 
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by Gutierrez, whereas in the normal individual it is 
usually 90°. The apex of this angle is in the midline 
at the level of a line drawn across the iliac crests; 
the sides of the angle are formed by lines projected 
upward through the innermost calices. 

The various types of crossed ectopia with fusion 
have been very well illustrated by Abeshouse. 
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Fig. 285 


ANOMALIES OF KIDNEY PELVIS AND 
URETER (Fig. 286).* The kidney pelvis and ureter 
are more commonly the site of anomalous develop- 
ment (1). The various configurations of the kidney 
pelves observed in different individuals may be most 
disconcerting unless the natural process of develop- 
ment is borne in mind. The chief variation in kidney 
pelves is seen in the degree of indenture between the 
superior and middle calices. This may be only 
slight, causing little disproportion between the size 
and length of the three major calices (2). Or the 
cleft between the superior and middle calices may 
be so deep that it practically divides the kidney pelvis 
into two compartments, the upper consisting of the 
superior calyx with its minor calices, the lower por- 
tion consisting of the middle and lower calices with 


re 


5 


ry 


PRINCIPLES OF ROENTGEN INTERPRETATION 


their groups of minor calices, giving rise to a “bi- 
furcated” kidney pelvis (3). This same cleft between 
the upper and middle calices may be extended down- 
ward even into the ureter, thus producing a * branch- 
ing” of the ureter (4) (Fig. 286A). Likewise, it can 
readily be understood how, if the bifurcation process 
extends far down the ureter to the bladder region, it 
will result in complete division and duplication of the 
ureter, “double ureter,” both opening by separate 
orifices into the bladder (5). 

When both ureters enter the bladder, no clinical 
import usually results. When ectopic entry is into the 
urethra or vagina in the female, incontinence of urine 
results. (Ectopic ureterocele is discussed on p. 453.) 
Very rarely caudal bifurcation of the ureter has been 
seen with two openings in the bladder (Phokitis). 
There were no untoward symptoms and apparently no 
predisposition for disease. 


INJURIES TO THE KIDNEY. Injury to the renal 
parenchyma is encountered in auto and industrial 
accidents, and also in athletic injuries. Pain in the 
flank and hematuria are present. Severe injury is 
often accompanied by shock. Although many such 
injuries are treated conservatively without initial 
radiographic examination, both plain film examina- 
tion and pyelography have much information to offer. 
If the injury has been extensive, blood escapes from 
the kidney into the surrounding perirenal tissues, 
there obliterating the renal and psoas muscle 
shadows. Fractures of the ribs or the transverse 
processes of the vertebrae are detected. Calcifica- 
tion of the hematoma is noted as a later finding. 

The spine may be curved toward the side of injury 
as a result of lumbar muscle spasm. Intravenous 
urography would seem to be a safe method of in- 
vestigation of the extent of injury, (Echternacht). 
For adequate excretion of the contrast material as 
well as for the general care of the patient, shock 
must be treated first. With very low blood pressure, 
renal excretion is depressed. Distortion of variable 
degree may be seen of the pelvis and calices. 
Extravasation of the contrast medium from the 
collecting structures is another finding indicating 
severe trauma. 
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Fig. 286A 


Aneurysm of the renal artery may follow injury 
to the kidney region. Calcium deposit in the 
aneurysm wall lends a clue to the diagnosis, which 
should be established by aortography. 

Foreign bodies of a wide variety have been 
found in the kidney and kidney pelvis. These may 
gain access from the outside, as shrapnel from a 
gun-shot wound or a tooth pick from the gastrointes- 
tinal tract or from insertion into the urinary tract, 
as for instance a blade of grass which, following in- 
sertion into the bladder by the urethra found its way 
up the ureter from its peristaltic action and finally 
reached the kidney pelvis where it became the center 
for a stone (Osmond), 

Injury to the kidney from operative procedure 
may occur; fistula formation may even result if the 
pelvis or ureter is damaged; such false passages 
can easily be visualized after opaque injection. 

Intravenous injection may show complete sup- 
pression of secretion after injury. This may be due 
merely to shock and is not in itself evidence of in- 
jury. After recovery from the immediate shock, 
function may again be resumed. 

Spontaneous pneumopyelogram and perirenal 
emphysema may occur in diabetes. The writer has 
encountered a case in which perirenal emphysema 
occurred from gas bacillus infection following septic 
abortion. 


Circumcaval Ureter. This is a condition of 


malposition of the ureter in which it swings to and 
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beyond the midline in its lower portion passing pos- 
terior to the vena cava. Lateral view shows the 
ureter posterior,—not anterior as normally located— 
to the vein. This is due to anomalous development 
and is ordinarily of no pathological significance. 
Operative correction has been successful. 





Deviation of Ureter from Retroperitoneal Me- 
tastasis. ension esticular tumors to the retro- 
peritoneal pre-aortic lymph nodes may result in de- 
viation of the upper portion of the ureter and kidney 
away from the spine. If previous roentgenograms 
have shown normal relationship, and displacement 
subsequently develops, it may be considered as evi- 
dence of retroperitoneal metastasis. 

Primary tumors of the ureter are rare. They 
are manifested by hematuria and obstruction, the lat- 
ter being demonstrable by pyelography. 

Tumors of the body and tail of the pancreas have 
been known to interfere with the visualization of the 
left kidney on intravenous urography, by reason of 
pressure of the mass on the renal pelvis preventing 
good filling. 


PSOAS MUSCLE SHADOW 


PERINEPHRITIC ABSCESS (Fig. 287). Posi- 
tive roentgen findings are of value; lack of roentgen 
evidence does not exclude the condition. Roentgen 
manifestations are: 

1. obliteration of the shadow of the psoas mus- 

cles; this sign is somewhat variable 

2. kidney outline maintained, may be slightly 

enlarged—a very constant sign 

3. scoliosis of the spine, concavity toward side 

of involvement. This is a sign which is 
most frequently present in chronic cases 

4. decrease diaphragmatic movement on res- 

piration; a rather constant sign but one 
which occurs with many types of infection or 
irritation, (Butts and Conley) 

9. fixation of the kidney on inspiration- 

expiration pyelogram. 
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Normally the shadows of the psoas muscles are 
clearly defined running obliquely downward and out- 
ward along the lower two dorsal and lumbar verte- 
brae. We have seen how intramuscular and intersti- 
tial hemorrhage in this region may obliterate the 
shadow of the psoas muscle; pus collected in the 
perirenal region may produce a similar obliteration 
of the psoas muscle shadow; the kidney itself may 
remain clearly outlined in the midst of perinephritic 
infection. If the infection is not diffuse but remains 
localized the psoas shadow may not be obliterated. 
Similarly carcinomatous infiltration may obliterate 
the psoas muscle if the process is extensive. 

Occasionally a calcified psoas abscess is seen. 


BLADDER 


METHODS OF EXAMINATION OF THE BLAD- 
DER. Normally, the bladder filled with urine offers 
sufficient contrast with the surrounding tissue to be 
only faintly visible in the or- 
dinary roentgenogram, (Fig. 
288A). It appears asa 
smooth, rounded, sharply de- 
fined structure extending up- 
wards just above the sym- 
physis. Simple injection 
methods for demonstrating 
bladder pathology utilize con- 
trast media of greater or 
lesser density than body tis- 
sue, injected through a cath- 
eter passed into the bladder. 
Media such as sodium iodide, 
or one of the iodinated or- 
ganic compounds (Skiodan, 
Diodrast) are freely miscible with urine, and depend 
on highly soluble substances for their radiopacity. 
Air is the media of lesser density utilized. Materi- 
als like barium sulfate should never be used in cys- 
tography for the retained, insoluble particles could 
serve as a nidus for calculus formation. Air and 
opaque cystourethrography for examination of the 
urethra primarily makes use of a thickened, viscous 
opaque medium. Other technics are voiding cysto- 
urethrography and delayed cystography. (See Sec- 
tion on Urethra.) 





Fig. 288A 


ABNORMALITIES OF SIZE AND SHAPE OF 
BLADDER. The normal bladder is rounded and 
smooth in outline, extending upward from behind the 
symphysis pubis in the midline. Following an ex- 
tended period of tenesmus or inflammation from any 
cause, the bladder may become very small in size 
although it still maintains its rounded contour. The 
bladder may assume an oval shape in the anteropos- 
terior diameter giving the appearance in the pos- 
terior view of a double superimposed ringlike 
shadow. 

Atony of the bladder (Fig. 288B) occurs most 
frequently in women after repeated childbirth has 
resulted in relaxation of the pelvic floor; the bladder 
loses its rounded contour and becomes flattened in 
appearance. If cystocele occurs it may bulge out- 
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ward under the symphysis. 
Tumors of other pel- 
vic organs if large enough 
exert pressure on the blad- 
der. More frequently the 
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} der. A diverticulum of the 
bladder or a portion of the 
bladder itself sometimes 
prolapses into the sac of 
a direct inguinal hernia. 
Recognition of this may 
prevent injury to the bladder in herniorrhapy. Ex- 
trophy of the bladder is associated with a separation 
of the pelvic bones at the symphysis. 
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Fig. 288B 


FOREIGN BODIES IN BLADDER. The bladder 
is a large rounded hollow viscus, easily accessible 
from the outside through the urethra. All manner of 
foreign bodies have, therefore, been found in this 
organ from sticks of wood, straws, nails and fever 
thermometers, to beeswax, tallow and chewing gum. 
Fragments of catheters may be broken off or an en- 
tire catheter may be introduced into the bladder by 
the patient. The danger of such foreign bodies re- 
maining in the bladder is from the fact that they be- 
come the nuclei for stones. 


BLADDER CALCULI. Stones may, of course, 
occur in the bladder without the presence of a foreign 
body. A large percentage of urinary stones are cal- 
careous and are therefore opaque to x-rays; but a 
small percent are organic. Many bladder stones are 
composed of a number of different chemicals which 
are deposited as the stone continues to form. Uric 
acid and urate stones are common in the bladder but 
rare in the kidney pelvis; they are nonopaque. Cal- 
cium oxalate stones can usually be identified by their 
shape. They may produce heavy starshaped radia- 
tions, the so-called “jack stone”, or if more fully de- 
veloped these radiations may be finer terminating in 
a small bumpy surface giving the appearance of a 
mulberry. Nonopaque stones may be visualized by 
injection of a small amount of opaque media. Other 
types of nonopaque calculi are composed of cystine, 
xanthine, or mainly of organic matter. 

Small stones, even of the opaque variety, may 
be very easily overlooked in the bladder, owing to 
the scattering of the x-rays produced by the large 
volume of urine in the bladder. The patient should 
therefore be instructed to clean out the rectum with 
an enema and to evacuate the bladder before exami- 
nation. 

Stones in the bladder may attain enormous size; 
a single stone even completely filling the bladder. 
They may be multiple and faceted; they may be smooth 
in outline and structure or they may be laminated 
from layer upon layer of deposits over long periods 
of time. Such stones may form within large 
diverticula. 


DIVERTICULA OF BLADDER* (Fig. 289). Di- 
verticula of the bladder are not uncommonly found 
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associated with bladder neck obstruction. They are 
most frequently of the pulsion variety, oval, pouch- 
like extension from the bladder. They are frequently 
multiple and vary in size from scarcely larger than 
a pea to greater capacity than the bladder itself. 
They may spring from any location in the bladder but 
are most commonly encountered on the posterior 
wall. They are frequently seen laterally on either 
side near the ureters. In this location they may 
cause pressure on the ureters. Very rarely the 
ureters may empty into them—under such conditions 
operative removal is a much more difficult and 
serious procedure. When they occur on the anterior 
surface or fundus they are most readily accessible 
for removal. 

Diverticula springing from the anterior or 
posterior wall of the bladder would be obscured in 
the roentgenogram 
when the bladder is 
filled with opaque 
material—for this 
reason other ex- 
aminations should 
be made in the 
oblique views after 
evacuation in sus- 
pected cases; the 
diverticulum is 
smooth, the bladder 
wall roughened. 

If the diver- 
. ticular pouch ex- 

pnetiaee ceeds the size of 
the bladder itself, it may be found difficult to 
identify the bladder structure itself from roentgen 
examination; post-evacuation examination will 
readily determine this point since the bladder will 
empty, leaving the diverticula partially filled. 

Occasionally diverticula may be filled with 
debris and cannot be readily demonstrated without 
inserting a ureteral catheter by cystoscopic exami- 
nation through the orifice of the diverticulum into its 
cavity, filling the cavity of the diverticulum directly. 

Such diverticula may be filled with stones. 
They have frequently been observed packed with 
faceted stones resembling gall stones. Malignant 
growths may occasionally occur in diverticula. 

A diverticulum-like pouch is occasionally en- 
countered as a remnant of the urachus; it may be 
distinguished by its wide neck, located at the fundus 
of the bladder. Snow has reported a urachal cyst 
with round opaque calculi in the right lower quad- 
rant of the abdomen with operative confirmation. 





DIVERTICULA 


BLADDER FISTULA. In cases of imperforate 
anus, a fistula between the rectum and bladder or 
urethra may be present in the male; in the female, 
between the rectum and bladder or vagina. Bladder 
fistulae in adults are usually secondary to invasion 
by neoplasm or trauma. 


TRABECULATION OF THE BLADDER. In 
chronic obstruction of the bladder neck by hyper- 


trophy of the prostate or other cause, progressive en- 
largement of the bladder develops. At first the blad- 
der retains its rounded outline but as distention pro- 
gresses it loses its smooth border with the formation 
of cuplike projections through the muscular fibers 
into the bladder wall—this is known as trabeculation. 
As the condition progresses these pouches become 
larger forming multiple diverticula which may stud 
the entire surface of the bladder wall. Distention of 
the bladder may continue until it is enormous in size 
extending well up to the level of the umbilicus. 


NEUROGENIC BLADDER. Interference with 
the normal innervation of the bladder may result in 
overdistention and paradoxical incontinence. Asa 
result of chronic overdistention the bladder becomes 
trabeculated and irregular in outline with the forma- 
tion of numerous cuplike projections. These may 
even go on to multiple diverticula formation. This 
condition commonly occurs in tabes dorsalis. 


URETEROCELE. These are small rounded 
pouch-like projections of the ureters as they bulge 
into the bladder; usually a minute pin-point uretero- 
vesicle orifice is the cause of the local dilatation. 
Urine, dammed back by the small opening, dilates 
the terminal end of the ureter until by its size it di- 
lates the orifice sufficiently for urine to pass through 
the hole, when decompression rapidly results. 

Roentgenologically these appear as rounded 
projections at the ends of the ureters, filled with 
Opaque material during excretory urography, shown 
only immediately after micturation. If the bladder is 
filled with opaque solution, the rounded bulging 
ureteroceles, filled with non-opaque urine, show as 
negative shadows within the bladder; they remain 
constant within the same location. The cystogram 
may assume a “cobra head” appearance due to pres- 
sure from the bilateral cystocele pouches, (Gottlieb, 
et al.). 


ECTOPIC URETEROCELE is an intravesical 
and intraurethral protrusion of dilated ureter which 
passes submucosally in the bladder wall. The ureter 
ends ectopically in the urethra. (Dorst). In children, 
this condition is encountered more often than simple 
ureterocele. The involved ureter usually is super- 
numerary and drains the upper pole of the kidney. 
Symptoms and signs arise from the impaired function 
and infection of this portion of the urinary tract, or 
from obstruction by the mass of other ureters or the 
vesical neck. 


URETERAL REFLUX. Reflux of contrast ma- 
terial into the ureters from the bladder during void- 
ing or during cystography is considered indicative of 
abnormality of the uretero-vesical region. Reflux is 
seen in certain cases of lower urinary tract obstruc- 
tions, infections, and neurogenic bladder (Pasquier). 
Radiographs made at intervals following the intro- 
duction of contrast solution into the bladder are help- 
ful in making the diagnosis of reflux, for it may not 
be apparent until some time has elapsed (Stewart). 
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rosette or cluster of calcareous deposits immediate- 
ly beneath the symphysis pubis. 
On the excretory urogram, prostatic enlarge- 


ment can be suspected from the appearance of upward 


hooking of the ureters at their vesicular junctions 
(Kretschmer). The enlarged prostate causes a filling 
defect in the base of the bladder which is visible 
when the excreted contrast material fills the bladder 
sufficiently. 

For direct visualization of the urethra and in- 
direct visualization of the prostate which surrounds 
a portion of it, both air and opaque cystourethro- 
grams are of value. Opaque cystograms show the 
basal filling defect caused by the enlarged prostate 
if not concealed by too much opaque material. Post- 
voiding films indicate prostatic obstruction by poor 
emptying of the bladder. 


URETHROGRAPHY 


Examination. For the visualization of the 
urethra injection of opaque material is essential. 
For this purpose a viscous jellylike medium is more 
satisfactory than a thin aqueous solution. Skiodan 
Viscus Solution or Umbradil-Viscous-U Solution has 
proven most satisfactory for this purpose, (Coe and 
Arthur; Morales and Romanus). Examination must 
be made while the material is still being injected— 
otherwise the posterior urethra will not be properly 
filled. The combined use of air cystography and 
opaque urethrography taken in the right posterior 
oblique position, as suggested by Flocks, has been 
found most satisfactory. Urethrocystographic ex- 
amination during micturation has yielded valuable 
information as to the condition of the bladder and 
urethra in demonstrating areas of induration, differ- 
entiation of true stricture from spasm, etc. This is 
a method which should be used more extensively, 
(Edling). Jensen has perfected an instrument for the 
ready performance of urethrography which is based 
upon the tube and cuff principle of intubation anaes- 
thesia. 

The instrument consists of a rubber catheter 
with a stopcock and air inflatable cuff located a short 
distance from the subterminal aperture connected to 
a rubber tube. The catheter is introduced only so far 
into the urethra that the cuff lies in the fossa navicu- 
laris. The cuff is then inflated by an ordinary hypo- 
dermic syringe so that the catheter is held firmly in 
the urethra. The air pressure in the cuff is main- 
tained by the application of a clamp to the rubber 
tubing. After injection of opaque material the fluid 
is maintained in place by the stopcock. 


Normal Urethra* (Fig. 292). The urethra con- 
sists of three portions, the deep or prostatic urethra, 
the membranous, and the anterior or cavernous 
urethra. The prostatic urethra extends from the in- 
ner sphincter at the bladder neck to the external 
sphincter at the urogenital diaphragm. It is three to 
four centimeters in length and varies in caliber 
throughout. The anterior wall of the deep urethra 
makes a smooth sweep backwards, while the pos- 
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D.U. - Deep or Prostatic Urethra 
P.U. - Pendulous Urethra 

I.S. - Internal Sphincter 

V.M. - Verumontanum 


Fig. 292 


terior wall shows a more acute backward angulation, 
with widening of caliber just below the verumontanum, 
an impression of which is visualized on the margin. 
Definite narrowing is seen both at the internal and ex- 
ternal sphincters. The short membranous urethra is 
the segment passing through the urogenital diaphragm. 
The long anterior urethra extends from the urogenital 
diaphragm to its external opening in the end of the 
penis. Prostatic enlargement and other pathological 
processes are best demonstrated by the secondary 
effects they produce on the prostatic urethra (Middle- 
miss). 


Prostatic Carcinoma* (Fig. 293A) usually 
causes tense enlargement of the gland because of lim- 
itation by its capsule until late in the disease. This 
results in, 1) uniform annular constriction of the 
calibre of the posterior urethra and 2) straightening 
of its entire course. 





Fig. 293A 


Prostatitis. Because of edema and inflammatory 
reaction, prostatitis causes a similar narrowing and 
straightening of the posterior urethra. Usually, the 
Clinical history serves to differentiate the two condi- 
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tions. Prostatic or periurethral abscesses which 
communicate with the urethra are revealed as ir- 
regular pouchlike structures. 

Metastases from carcinoma of the prostate are 
either osteoblastic or osteolytic, but predominantly 
osteoblastic. (See p. 191, Fig. 134A.) 


Benign Hypertrophy of the Prostate* (Fig. 
293B) Is the condition which so often must be differ- 
entiated from carcinoma. Here the pathological 
process is one of localized fibrous hyperplasia with 
gradual pressure of the fibrous nodules on the re- 
maining normal prostatic tissue until it becomes 
thinned by pressure forming a false capsule. This 
pressure takes place in both lateral lobes flattening 
the membranous urethra from side to side called 
“spreading” of the urethra (Kerr and Gillies). This 
is one of the most distinctive signs of hyperplasia of 
the lateral lobes. Forward angulation of the upper 
end of the urethra above the verumontanum, called 
“tilting” is indication of hypertrophy of the posterior 
commissure. 

In all of these conditions the air cystogram 
discloses the enlarged prostate projecting into the 
air-filled bladder (Fig. 293C). In the oblique view 
the two lateral lobes can be identified by two over- 
lapping curves and the posterior commissure can be 
clearly identified, projecting upward posteriorly. A 
spherical defect is produced by an enlargement of 
the gland of Albarran (Fig. 294A). Correlation of 
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Fig. 294A. Gland of Albarran. The hyperplastic sub- 
cervical gland portion of the prostate is shown by air 
and opaque cystourethrogram. 


these findings with those obtained from the opaque 
urethrogram serve not only to determine the location 
but also the extent of the involvement. Obstruction of 
the posterior urethra without associated prostatic 
hypertrophy may be caused by a “median bar.” This 
is due to a fold of tissue at the posterior surface of 
the neck of the bladder. The orifice between the 
urethra and bladder is so constricted that the viscus 
solution shows a “tooth-paste” like appearance which 
is quite characteristic (Kerr and Gillies). 


Congenital Constriction of the Bladder Neck. In 
the child, Noro:museular bands at the internal sphinc- 
ter are a cause of obstruction (Fig. 294B). Opaque 
studies will show the obstructing lesion, and bladder 


and ureter dilatation and hydronephrosis proximally, 
and a wide prostatic urethra distally. 





Fig. 294B. Congenital constriction of the bladder 
neck in a young child, opaque cystourethrogram. 


Neurogentc or “Cord” Bladder may result in 
Similar trabeculation o er, ureterectasis and 
hydronephrosis. Urethrographic examination how- 
ever in these instances reveals complete relaxation 
of the internal sphincter resulting in conical widening 
of the urethra at the vesicle neck; the external 
sphincter remains intact. 


Ruptures of the Posterior Urethra from external 
trauma, instrumentation an ection may result in 
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fistulous tracts into the periurethral tissues, peri- 
neum, or adjacent hollow viscera. These can be 
clearly outlined by the injected material. Acute rup- 
ture of the membranous urethra, as occurs with 
pelvic fractures and severe trauma, should be inves- 
tigated by aqueous contrast material. The thinner 
water soluble material extravasates easier than the 
oily, thicker materials, and is then absorbed readily 
from the tissues (Beard). 


Urethral Strictures. The cavernous or anteri- 
or urethra is the most frequent site of stricture from 
gonorrheal involvement. Chronic infections of this 
type results in extreme narrowing and irregularity 
of the caliber of permanent nature. The normal 
cavernous urethra when distended by the contrast 
agent measures about two centimeters in diameter. 
The stricture may involve a long length of the 
urethra, or be rather limited. 


Urethral Diverticula. Urethrography may be 
the only way to detect these lesions (Beard). In the 
anterior urethra, they are congenital or acquired. 
The acquired ones results from instrument trauma 
or from rupture of a periurethral abscess. Divertic- 
ula have been visualized in women (Higgins and 
Rambousek). 


Congenital Posterior Urethral Valves are a 
cause of chronic urinary obstruction in the young, 
which can lead to enormous dilatation of the bladder, 
ureters, and kidney pelves. Voiding cystourethrogra- 
phy is essential for radiographic diagnosis, while in- 
jection cystourethrography is not helpful (Williams). 
(Fig. 294C) 


Fig. 294C. Congenital valve of posterior urethra 
shown by voiding cystourethrogram. 


FOREIGN BODIES IN URETHRA. The urethra, 
being readily accessible also, is the site of many 
foreign bodies. These, of course, cause pain and 
discomfort and cannot remain for as long a time in 
place as they can in the bladder, but must be re- 
moved. 


URETHRAL CALCULI. Urethral calculi are 
indeed very rare. Usually a stone which will pass 
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through the upper portion of the urinary tract will 
pass through the urethra readily; occasionally, how- 
ever, they are temporarily delayed. Occasionally 
stones actually form ina dilated urethra behind a 
stricture. They may become as large as ordinary 
gallstones and form in clusters showing facets. Flat 
film examination is sufficient for detection of these 
conditions, since practically all stones occurring in 
this location contain some calcium salts and are 
therefore readily visualized. Calcium incrustation 
about a foreign body, such as a small segment of a 
catheter, is also readily detected. Diverticula some- 
times contain calculi. 


Seminal Vesicles, (Fig. 295). The seminal 
vesicles are occasionally seen in the flat roentgeno- 
gram when calcified. They appear as two “wormlike” 
structures curling upward and outward from the mid- 
line just above the prostate. The ejaculatory ducts 
can be injected with opaque material through an endo- 
scope for the demonstration of the seminal vesicles 
and ducti deferentia. Tucker, et al. have carried out 
direct injections into the vas deferens in its passage 
through the scrotum for filling these structures. 
Pereira has carried out a large number of such ex- 
aminations and has been able to identify dysfunction 
in failure to empty, hypoplasia or lack of proper fill- 
ing due to chronic inflammation and ectasia. The 
scrotal portion of the vas deferens is surgically ex- 
posed for the injection. The seminal vesicle may be 
the site of stones. Dull aching subpubic pain of 8 
years duration was found by Cornwell to be due to 
stones in the seminal tract. Operative specimen 
showed stones to be present in right vas deferens. 
Calcification of the vas deferens represents a degen- 
erative complication seen mainly in diabetics (Wilson 
and Marks). 


al vesicle 


--Site of injection 
Vas deferens 


Ejaculatory duct 
Dite of injection 
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Perineal operative procedures in close rela- 
tionship to the prostate, posterior urethra or other 
perineal structures, may be followed within a few 
days or weeks by a low grade infection of the pubic. 
bones and ischii known as osteitis pubis. The con- 
dition is very painful but ultimately usually heals 
without permanent disability. (Lame and Chang). 
This infection may even spread to involve the hip 
joints or spine. (deFeo; Lewitan and Nathanson). 
This is explained by injury at operation to the deep 
venous plexus; hip or spine involvement by spread 
along the adjacent venous plexuses. (Batson). 
Roentgen therapy to the involved areas has been 
found very satisfactory in many cases. 

Phlebography of the prostatic and periprostatic 
veins may be helpful in the diagnosis of prostatic le- 
sions and in thrombophlebitis. (Abeshouse and Ruben). 


ADRENAL GLAND 


Occasionally an adrenal gland or an adrenal 
tumor will be seen on plain films of the abdomen by 


virtue of its outline and the retroperitoneal fat. Cal- 
cification occurs in the adrenal in neuroblastomas, 
and in other tumors. Speckled and poorly defined 
calcification is seen in neuroblastoma; calcification 
is heavy and irregular in adenocarcinoma (Samuel). 
Birth trauma and anoxia are believed to be important 
in the production of non-tumorous calcification in the 
gland (Jarvis and Seaman). Enlargements of the 
adrenal, either due to hyperplasia or neoplasm, 
sometimes exert pressureon the superior pole of the 
kidney, as seen on ordinary roentgenogram or pye- 
lograms. Most informative visualization is accom- 
plished by pre-sacral air injection study. See 
Chapter on Special Procedures. 

Discussion of Perirenal and Presacral Air Injec- 
tion Studies is discussed on page 496, in the chapter 
on Special Procedures. Aortography and renal 
angiography in the diagnosis of renal and ether le- 
sions is discussed on pages 497 to 499 in the Special 
Procedures chapter. 
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QUESTIONS ON THE URINARY TRACT 
Questions marked with a dagger deal with rare and less important conditions. 
1. What qualities must an x-ray film show before it is considered satisfactory for the diagnosis of urinary 
stone? Name in order of frequency the positions in which calculi are found in the urinary tract. 


2. What percentage of urinary calculi can be shown roentgenographically? How may a nonopaque stone be 
detected? 


3. Name five conditions which may be confused radiographically with urinary stone. 
4. How may a suspicious shadow in the region of the ureter be confirmed as a ureteral stone? 
5. What is meant by pyelorenal “back flow” and to what is it due? 


6. What is meant by pyelography, urethrography, cystography? What solutions are used and what pro- 
cedure is followed in making such examinations? Explain retrograde and excretory methods for pye- 


lography. 
7. Show by diagram a normal] kidney pelvis and explain the structure. 


8. Show by diagram and explain how dilatation of the kidney pelvis results in interference with its drainage. 
What is the significance of constriction, obstruction or kinking of the ureter? 


9. What is meant by ptosis of the kidney and how may it be demonstrated radiographically? What symp- 
toms does it produce? What is meant by kinking of the ureter and by stricture of the ureter and to what 
are they due? 

10. What structure does pyelitis first affect and how is it manifested in the pyelogram? 
11. What conditions cause “filling defects” in the kidney pelvis? 

12. What influence does new growth of the kidney have upon the pyelogram? 

13. What effect does polycystic kidney have on the pyelogram? Solitary cysts? 


14. To what may parenchymal necrosis of the kidney be due and explain its appearance in the roentgenogram. 
What are some other characteristics of tuberculous involvement? 


15. Trace by diagrams the embryological development of double or divided kidney pelvis, branched ureter 
and double ureter. 


16. What is the characteristic pyelographic appearance of “horseshoe” kidney? Of rotated kidney? Of fused 
kidneys? 


17. Is there any conclusive roentgen evidence of injury to the kidney? 


18. What roentgen sign is there indicative of perinephric abscess? Is it specific or does it occur from other 
conditions also? 


19. By what two methods may the bladder be outlined, and what are they called? 
20. What is the danger of foreign bodies remaining in the bladder? 
21. How may diverticula of the bladder be shown? 


22. What is the appearance of the cystogram in large carcinoma of the bladder? In trabeculation of the 
bladder? 


23. How may rupture of the bladder be detected roentgenographically ? 
$24. Do stones occur in the urethra? How may they be detected? 


25. What is meant by urethrography and how is it carried out? For what conditions is it of value? 
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26. How may rupture of the urethra be demonstrated? 
127. How may artificial pneumoperitoneum be of value in urinary tract diagnosis? 
~28. Of what value is perirenal insufflation and what are its dangers? 


+29. Describe the procedure for aortography and under what conditions is it of value in urinary tract diagno- 
sis? Dangers? 


130. Of what value is Body-Section Roentgenography in kidney diagnosis and under what circumstances is it 
most effectively used? 
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PART VI 


SPECIAL EXAMINATIONS AND PROCEDURES 


I. ACCESSORY NASAL SINUSES 
A. Roentgen anatomy 
B. Pathology 
1. Sinusitis 
a. Catarrhal 
Acute 
Chronic 
b. Purulent 
Acute 
Chronic 
c. Hyperplastic 
Granulations 
Polypi 
d. Atrophic 
e. Allergic 
f. Aerosinusitis 
2. Malignant tumors 
3. Iodized oil injection 
4. Lung infection, associated 


Il. MASTOIDS 
A. Roentgen anatomy 
1. Types of mastoid development 
a. Infantile 
b. Diploetic 
c. Pneumatic 
Large cell 
Small cell 
Mixed cell 
B. Pathology 
1. Mastoiditis 
a. Acute catarrhal—edema of cells 
b. Purulent 
c. Destructive—necrosis of cell walls 
d. Perisinus abscess 
e. Epidural abscess 
f. Sclerotic—condensing osteitis 
g. Chronic 
h. Suppuration of petrous apex 
i. Cholesteatoma 


Ul. TEETH 
A. Roentgen anatomy 
1. Structure of teeth 
B. Pathology 
1. Caries 
2. Apical infection 
a. Acute abscess 
b. Chronic abscess 
c. Granuloma 
d. Root cyst 
e. Osteomyelitis 
3. Pyorrhea 
4. Anomalies of eruption 
5. Tumors 


IV. EXAMINATION OF BRAIN AND SPINAL CANAL 
Brain 
A. Without injection media 
1. Local evidence of pathology 
a. Erosion of bone 
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b. Local pressure on, 
Sella turcica 
Auditory canal 
Optic canal 
Enlargement of skull 
c. Intracranial calcification in: 
Choroid plexus 
Falx cerebri 
Pacchionian bodies 
Blood vessels 
Tentorium 
Pituitary 
Pineal 
d. Pineal displacement 
2. Intracranial neoplasms 
. Gliomas 
. Pituitary tumors 
. Acoustic nerve tumors 
Angioma 
. Meningioma 
. Osteoma 
. Hyperostosis internus cranialis 
3. Increased intracranial pressure 
a. Convolutional atrophy 
b. Separation of sutures 
Enlargement of skull 
c. Obliteration of sella turcica 
B. With injection media 
1. Ventriculography and encephalography 
2. Cerebral angiography 
Spinal Canal 
A. Measurement of interpediculate spaces 
B. Myelography 
1. Indications and technic 
2. Lesion demonstrable 
a. Tumors 
Intradural 
Extradural 
b. Herniated disc 
c. Cysts, arachnoiditis, and other lesions 
d. Foramen magnum lesions 
C. Discography 


Rm 0 20 OP 


. SPECIAL EXAMINATION OF ABDOMINAL ORGANS 


A. Artificial pneumoperitoneum 
B. Perirenal air study 
1. Indications and value 
2. Presacral technic 
C. Hepatosplenography with thorium dioxide 


AORTOGRAPHY 

. For demonstration of abdominal circulation 
. For demonstration of peripheral circulation 
. For investigation of kidney 

. Technics 

. Arteriography 

. Venography 

. Coronary arteriography 


“1 on & 6 A = 


. SPLENOPORTOGRAPHY 


FEMALE PELVIC ORGANS 

A. Uterosalpingography 

B. Pregnancy- Fetal Development 
C. Fetal Death 

D. Placentography 


Slo teint furnishes: ao cogtrastiig: medium which. renders 

the nr clearly visible roentgenog: ohpek fers 

Maxillary sinuses or antra: are evident-within.a- shart. aes 
time after birth: 


: ~ development: until: eight to ten’ years | of age. - 
= Ss ~ frlanpotaxsahaped air spaces: on ejther: side. of the: 
tise. dn the anterior views: the level of the floors of 
_. the-antra in relationship to the floor of the nasal. | 
- eavity can be noted; this is of importance if subse- 
> quent operative drainage is contemplated. “At {imes 
oe ‘86-as to almost meet in midline, They: away. gist dip 


PN teeth in their sockets. 








SS “Chapter XXIV 
SPECIAL EXAMINATIONS AND PROCEDURES - 


ACCESSORY NASAL SINUSES 


_- ROENTGEN ANATOMY. “The accessory pasa Hps oes 
3 ‘sinunes, when fully developed, ‘are large air = raat 
in the bones (Figs. 295A, B and C). Their alr cou~ 






























graphically. The: - 


Teh; , Ue eithmoid cells are next to dew S aes greg 
_ . velop; the sphenobdal and frontal sinuses appear a 
laters The frontatz do not. often, attain their natural {So 





‘The antra (Figs. 295A and B}) appear. as tie 





PR RRONTAL 


, aes Dg. sewenovows 





the maxillary antra soay extend downward 3 


down into the alveolar process even BH TouRaiNE ihe 





~The ethmoidal calls te just ahve the ‘muudl= a I : 
ey antra and are clustered on either side between — 
the nasal cavity and the orbits.. They usually extend 
outward over the superior rims of the orbits on 
. either side—supraorbital célis. They are in ‘clase. 
EES peony s sk the orbits and heck 2 often eit wr. 


Fig 2958, Lateral View Normal Sinas. saci 
by a thin. bony. plate’ frum the. piles nerve in its c course’ tA aS 3 
through the optin . canal. ‘This, relationship is impor=_ re so a MP ss 
tant since infection ¢ ot the ethmoid cella can, Byes Sy sear ot 
‘pressuré’ om the optic nerve, cause blindness). 
', Prompt detection of the infection and drainage may 
result in. complete restoration of Sight. 
“The. full extent and development. of the ethmoid 
celis. is best demonstrated ‘by oblique views (such as: 
those obtained for showing the optic canals). How- 9 2 >. 
ever the. “anterior” ethmoid tells cannot be dis- © © 04.00 02, 
id tinguished from the “posterior” celts eveninthis — : 
‘| ¥iew since by “anterior” or “posterior* the: ainole- . 
|. gist refers to. the location. af, the: openings in the * 
| ORB eS peears 
eas Camp's: ‘Special’ oentiale for the decboaaea eee 
‘|. tion of the optic canal is useful tor this furpose: é eas! oa 
! (See Masual. of: Roentgenologival: Technique). esta ae, ce SS: 
: The frontal sinuses lie above the ethmotdal e oS tay 
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Sette etka, ‘representing. expanded air spaces in the — 
| frontal bone. They eatend outward over both orbits 
| trom their bases at the glabetla, usualiy forming — 
- symmetrical structures On either aes They. are \ 
Ree  anterfere with nataral drainage, are Sak 110 conse- ef, 
| quence: tn the jateral view the depth of the frontal ° 
{sinuses can be noted. A proper evalustion of the 
0 | Bégree of aeration: for sinuses of various sizes as* 





aS  atew ae meg eee 






Bie Bthradids 0 |. Redivated ow the reentgenogram can be obtained only 
Ris Prontals. ETM a gai a) after: considerable experience. 
1 ORS i Pte ts os Kage . sine “The spbencidal (Pig. 295C) sinunar are paired 
Fig? 298A. “Anterior View. Neral ime. eee ar compartments i in the omens hone. eit beneath « 


ry’ Sse : wt p08 gv? ey ° P : 
“tial ? —_, . Lf try : 5 x = rs ee , ; 
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which can he readily. pacumaaed sonolgenslogteely: 
|} by a dense hombgeneous opacity af the sinws, All fe 
» 0p the sinuses on either or bath sides may show pach 


“ : Boke -involvement=pansimusitis, ‘After the: atuite stage oh 


| Gnfection subsides and the orifice is opened, partia: 

| drainage to the outside becomes reestablished: pr 
| uets of the infection may stili remain however, pee 
1 sulting in chronic. thickening of the Hains: membrane | 
if chronic purulent sinusitis. - 





a x 
ay 


Such pyogenic membrane may: ‘proliferate and. 


Nb fee ers : | ‘appear as an irregular thick band extending. arpund 





Fa 4 Bo. Norinal, 


‘and the depth of the air spaces can. be. noted in the — 
“yertico-mental or spheroidal view, ‘These sinuses 
fay be somewhat: asymmetrical but this te of no. 


3 significance. ‘Their close relationship to the ceenial: . 3 
no. and. ee noust be Herne in falnd, Ee Renee , 


Te ge ee 


~,- ke fate o> 


g in. eatablianinig the distance Tonk the urea of the: 


nose to the pusterior sphenvidal wall. The air space . 
: mee extend. well ae into: the clinotd Seperate: es S S 


peaatpal see 


SINUSITIS. » “Norm Ily the. accessory. pasak 


‘sinuses are lined hy mucous membrane cipsely ape 4 


plied to a periosteal. Isyer; this is known a8 msuico.: 


“periosteal. membrane, In exceptionally clear: ai = 


‘penograms this membrane: ay be. seen asa Udi: 
 transluceat ne roming along ? the quter margin. of 





the ‘sinus, usually best seen in the maxillary antrum, 


In acute: catarrhal infections. of the sijuses< 


| F ie 296, right side), there is congestion and eee” | 
ot this membrane. which results th definite thickening | 
of this thin clear linear shadow along the sites walls {0 
atthis stage lite or 90 exudation is present and the! [222-2 sss 
$inus still remains well aerated. Catarrhal: inflam~— ees 


nation may become chronic, presenting tauch the 
same appearance as in the acute stage,” Jacking: any 
the acute syoptoms.- Chronic infection produces © 


a master. of judgraent and is often difficult to detect. 


‘In acute purulent infection (Fig, 286, left side} 


Soe the accessory nasal sinuses the orifice by which 


the infected sinus drains inte the nose may become ‘ Hee 
| they are crowded foreines 2 and thete. _ tedivicuay’’ 
dammed back and retained in the sinus, ‘This causes : ee a Pee 


“closed np. ‘by. pdema and the products. of infection — 


a replacement of the normal air content with fluid 





am | the outer barders of the sinus as if it had. been cat oy, 
AJ \o | im eross section. Itis: most frequently seen in the ao a 3 fs 
Ae We Es maxillary antra bat. does OCpur. ccastonaliy in the Baie 


SNR te aye suck small individual vonipartments: Hat wise | 
EYED chronically infected they are usually eutirely filled 
\? bo with granulation tissue. Thin white Hines ‘produced 
SST) oby the danse bony septa resultitig from condeasing 28 
osteitis due to chronic infection serves to differen. 
| tate chronic fram acute infection inthe ethmoid 
“| geélls.. The antra may become 8o filled with cama ; 
|: dion tissue that little, if any, air space remains.” . 
| "This is known as the: Arvecminnte type of ehroate ” Ss 
us Ee Bhaaaithe. os aes ON 
thé 5 sella tarcies., The degree to which: the air space: : SERRE : 
extends into the sella can be noted in the: lateral view 





Fig. 296. 


* Byverplastic sinusitis. Wea 207A) may | be a5: 


a % ‘kéciatea with formation of large numbers of polyp _- 
| dilling the sinus. These, being of the same: density 
rarefaction. of the septa of the ethmoid cells. This: is A 
differentiated 
| nation. A 
| air-filled Sinus may he recognizable by their. 


as ordinary granulation tissue, usually catnot.be- 
ordinary roentgenographic. exami-- y 
A few distinct polypi extending out into, an: 
rounded smooth borders but if many are present | 


rounded contour: is Jost, . 


An asterisk fellowing: any title indicates that roentgenograph reproductions unten this condition mus Be 


found jn me pee ee at the end: at the g shantes. | : 





Fie. BRA, “typerplastic 8 Stousitia. ae ess es 


Atrapite sinusitis (Fie: 2978) 4s leat | 





2 eon osteitis results in an irregalar _ 
bony: ‘deposit: about the walls of the simises,. causing 
eee tg be reduced in. size, vei in the case ce fee 











e : Eobenies i mh “ait 


Fig: 2018. Atrophis Sinusitis, Rae 


“ RLLEAGIC SINUSITIS. (Fig. ZUR} ‘toe i rei a re 


AS ‘eaus ARS al thie: accessory ‘nasal. sinuses) f 
opespands: readily: and very. ebaracteristically. ta) 
oe sensitization reactions. : ‘Gedema: of the, gubnevaval’ 


structures lifts the mucous membrane tron the bony” 


wall giving rike to a bogey ‘swelling | which is quite. 
3 Seb RTs ier Hs | 

. fectede ; . 
a 1988) 


“AEROSINUSITIS - edustee= 


: 2 The rapid descent from 3. high altitude: in. =) 


airplane leaves the gir within the nasal sinas ala. 


much. taduced piesaure | in. i cotapar thot with the sur- ast 








eat S00: in. which, as a result of tong Standing in tas 
i; 4 | rapid. that, it does not permit time for equalization of: 


se (pyethite tamee conteining maces which springs: from: ung 
. the mucous membrane. “gradually eniaryiog: werd ways 
png ‘pressure. atrophy sirailar ta. any other. ‘enft. Seeman eo 
- | mass when it encroaches-on boue:. They may.¢ved. 
{cause ‘bulging at the eye. itis rec ognized. soentpente”: ste tesa tt 
: graphically by its relatively” large: sine and. rounded. ne NOS : 
outline when. viewed againet an aerated barkground, = 0S 


the: antra ate mas y Rereenenly af 


Fie. 208A 


: rounding pinidopherte pressure, | tt the ostin, cone 


mecting | ‘with the nasal passage are open end rapid exe 

~ ehange ¢ of air pressure ‘is possible, nothing: ‘unuaDE) 

happens; but, af they ‘become partially. ebstrycted Gre es ee 
Uriosed: from. any: cause the pressure vTemains. tow. and: VEE: 
the macons: ‘frembrane lining the sinus. becomes aub- 
“jected to @ négative ‘pressure, This: change is so 


pressure but actually: causes oedema and submacpas. 
hemorrhage. This is ‘attended with sudden severe 

pain inthe region. of the: affected sinuses. - 9° 9.0. 
EES ‘Roentgenographically the bulging mucous tmem=_ 
brane: fan be visualized protruding: like ‘a: mucocele iY, 
“trom the wall out inte: the sinus... ‘Several. days or Re Si yeAD 
weeks. may be heressary for the condition te subside SN ae 
cand jor the : Sepitacncarens 3 to return | to, somal Beets i hehe Soh ad ee 
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NPA Asay taining ar hee Space ena es | FEE 
La TUMORS OF SINUSES: es eS | fart SEES UL EEE ESTE 
i! : S237 7h ESET E TY 
| | Macocele “and Pyocele® (Fig. 249) is. s ‘pounded, ORR TT 
RISE EET LeeEE 


‘They may tevel out in the opright, position, Mucoveles | 


a this type are TOES common ie bain endcietae + 
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‘es ah ; of Line: then the diegionie is Vewaity uae SEG 


0) | tamors’are very inaccessible ta treatmenty surgical 


oi ; } exposure for the use ot radius Atters: ‘the aan Pen 
cand this ds none, tao enbyorerige Ree 


ona see (Fig: 301). We have at our disposal, jowee, 


net 





“jopigen On INJECTION INTO. WASAL: sie x 


t f 


« ae method by which the ¢ ‘contour of such polypoid 


xpped out and the remaining: ait 
matrated. Introduction of. fodized. 





: | oll ints the sinuses, elther by direct injection-or by 


the displacement method. described by Proetz, fills 


Sie - the remaining air apace with a ‘medium of much - nS. ek 


Meningac 
BREE z peice downward inte the trontal sins 


aor osteoria® (Fig. 299). Taree are:  desslly, By haf ; 
donee bony structures, rounded: Ss outline and: waryen | 
dng from the size of a gea to several centimetersin |]. 
They are’ usually: seen “projecting: into the Pe ae fo rk 


diameter. 
-irental sinus. | Unless by their size they involve sur- 


‘rounding - structures pr ‘by their position they tend to. : if : 


: obstruct: the natural drainage of the Sinus» they. are: 
cat Witte pathological significance. 


quiescent « or they may continue to grow: slowly) enn noe 
Aarging: aver: a period of years to sufficient size: to of 
AE AENE wtpansioe | of es sinus ane erosion. Of ee. ‘woRe, ah 


eis it} tae SE Bf, Any 
Gt EE, ARR oe 









ease alone. ‘Goreatation with: eungeal ‘sem sirnis 
will aid in. differentiation; af the process. hag sdvanced | 
eae the ptage at pepsaeien of the 4 sinus or destruction 


eonety 


Ve wee 


SSSA Ren ntgenographic examination of the, chest fav) 0° 
showing extensive increase of the peribronchial sang 





| ae in the sinuses, may be HeniOnEt TART Piss 


“They may: remnain. orb 








Pig. $01, “Lipiogal ‘eo Antra, 


_ cHRONIC LUNG INFECTION FROM snusITis’ 





ole inflammation and infection of the jungs May — 


: | from chronic sinusitis asia result of the con-— 
Splat 66 : ‘ ompanies such a 





_ frequently give no subjective signs of the disease. 


markings, especially. in the ‘eardiophrenic regions, 


must always be viewed with suspicion, and infection : 


oe the sinases must be eliminated as a } 
‘source of the infection, It is possible th 


8 sible: 
tin: many 





cS greater density than the soft tisaues and demegstae. if ‘ei 
BLES GE ROER ARE: size of remaining air space and the character... 
oo opf tte contents. By this method anomalous septa eee e RS 


eu oA g® 





_ cases, ‘such chronic sinus infection. may be the: © direct ; 


_ nauBe of Rronchiectasis. — 





| Special Technique. Bike) saiiinn roeatgenogre 
By pee ry may Prove very: valuable in examination. oF 
othe. ‘apcessory- fasal sinuses.” ‘This is especially ‘trae 
fer the demonstratian’ of rounded: tume® masses with 


ip: the. antra and. tor. observation of the ethmoidal and 


" sphenoidal cells. Erosion or destruction al the sinus 
walls: may be: showtt in this way Taciltiating. the: diag~ | 
~ nosis of roeligoant involvement. Accessory septa di- 
p aitive the sinus and. ‘other. anomalous ahractares: roa. 
be shown a fhe: neo: Da Aa SG Nee eae eee 


SSS SPR pee = ec: 
t, § : 





SPECIAL EXAMINATIONS AND PROCEDURES oe PR EE 





-MASTOIDS ees ee * Ret Hoe 


[a comparison, Occasionally, however yp CAB may be 
|| well formed on one Side and remain of the onde~ | 
| veloped diploetic type on the other. This is usually. Sab 
) | due to some ear infection of childhood: which has re-- see us fea 
sulted in. destruction | ‘Or: inhibition: nf he nore cell eS TLL 
p formes Sructeres:. Soa Sar ik Heres ee Se AE me 2 Shins 


“ROENTGEN. ANATOMY. “The. astaits. ‘when 
fully. developed, consist of multiple air cells in the 
bone. By reason of their air content they: become 
readily detectable in. the roentgenogram.. — 
At birth (Fig. 8024). the mastoid process ua 
: “the p etroug portion ‘of ihe. temp “ital bone are repre- 


































ee ‘sented by dense compact bauy structure. Roentgen | 8 9. : 
-éxaniination at this tle @il disclose the semicircu- | | - guesses oe; 
‘dar canals, cochlea, and other middie ear SEAOOres, i 
but no evidence of: air cells in the mastoid process, | | 
This iS Ue infentile YES which: REESE. ey Sais ie | 
| a Mi * sstanaibie with its - aly x. crepe: TBA Fan vaca a 
is “Condylas Process oe ~sMastoid Process weg 





| oe A. ~Eminencia’ ‘Articas = = ae Ses oy owath: Air 3 ells 
| 46 Serato Es : ! | “laris at the ter S458} =Lateral Sinus: 
v. $.-Vertical Semicireus aye ;  Seceaiceat Sutare: 






pereniangeuae — ee aes é ~Knee of. Lateral Sten 
6 Bae Brae ee oS ae OM & ~Mastoid Suture” Fe) ACA Ny a Be Bina: a ees a 
ES. -Horixontal: Sesmicir= sy “& ondylar Praesee [as Ms ~ Auditory Menu EY Emis sary ov « in See 
eular Canal - i Sat Nea iby ter eS — “Piternal ‘end Ex Se te eg ee = = 
CREE Semicte B BA eminente Adticw “ternad Saperim: Sees 
: ‘cular Canal: ae Oe ais ok ese? posed hee SS 


$ Ce no yneenic coat i ie “mandibular. debits. 


coe sou: eS. as a CRets Taretea - Fle p28 Mined Celt Normal b Mastoid, 






Gee Fig. - 02a. a ‘Infantiie Mastoid. poe eS “Such ‘cell Gevelapokel a may be ‘puntlned ee ag 
fete 30 : apes Pa RE ee 8 Bee dee the smastoid process, or it may extend forward into. 
: swithast mack: jidieating at eel Sorivatind tar the first. _ the zygomatic arch «(zygomatic celts): toward: into 
one or two years, As the individual grows, gelloiar | the. Squamous portion, of the temporal bone (squamous 
development: Of the mastoid: process progresses: (Pigs | sells) or backward into the occipital bone. (ocoipital ! 
- 3028). In some ‘individuals thie cellular development. | - cells). ‘itis. important. that such extension of the: cel a 4 Sh ‘ 
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POST WALL AUDITORY CANAL-- or 
MASTOID PROCESS —- 


PRINCIPLES OF ROENTGEN INTERPRETATION 






Fig. 302D. Schiller Position. 


ROENTGENOLOGICAL EXAMINATION. A 
number of projections have been devised for exami- 
nation of the petrous bone and mastoid process for 
the more accurate detection of pathology of its intri- 
cate structures. These are essentially of three 


types: 


1. The lateral views (in same direction as the 
petrous pyramid) 
Law Position 
“Swimming” Position 
Schiiller Position 

2. The antero-posterior or postero-anterior 
views (perpendicular to the long axis of the 
petrous bone) 
Stenver’s Position (also Low-Beer modifica- 
tion) 
Arceline Position 

3. The axial view (along the long axis of the 
petrous bone) 
Mayer Position 


The positions in each group present similar 
roentgenographic appearances; the anatomical land- 
marks shown in these views should be studied care- 
fully and correlated with each other. 


NORMAL MASTOID. In examining a roentgeno- 
gram of the mastoid area first identify certain key 
structures such as the condyle of the mandible, tem- 
poromandibular joint and eminentia articularis, the 
tegmen tympani or roof, and mastoid process, in 
order to orient yourself. Next locate the auditory 
meati, internal and external, noting their relationship 
to each other in order to determine the angle of pro- 
jection. Then examine the cellular structure, its 
type, location and extent; the lateral sinus and its re- 
lation to the mastoid process, any emissary veins, 
etc. 


MASTOIDITIS.* The mastoids, like other air 
sinuses, are subject to infection. Suppurative infec- 
tion of the mastoid process rarely occurs at the 
present time due to the advent of penicillin and 
other antibiotic drugs but occasionally such an in- 
stance may occur where the mastoid process is in- 
fected. Infection usually spreads from the middle 
ear, although occasionally a patient is seen with 
mastoiditis which was not preceded by otitis media. 
Such cases must be due to blood- or lymph-borne 
infection. The first roentgenographic evidence of 
infection is haziness over the entire mastoid area. 
This is due to outpouring of cells and serum into the 
mastoid cells to combat the infection. Such a condi- 
tion may clear up completely, leaving no evidence 
of damage to the cell structure; it is spoken of as 
catarrhal mastoiditis. 

If the infection is prolonged, the process may 
become more intense and the haziness of the mas- 
toid structures may become more pronounced, but 
still there may be no evidence of bone destruction 
and the cell walls remain clearly defined. The ap- 
pearance of the limiting plate of the lateral sinus 
becomes more clearly defined than on the uninvolved 
side due to the presence of exudate in the cells pro- 
ducing a structure of more uniform density. Such a 
condition is referred to as purulent mastoiditis with- 
out cell destruction. 

The next step in the progress of infection is 
softening and actual destruction of the bony walls of 
the cells—destructive mastoiditis. This is indi- 
cated in the roentgenogram by loss of the fine bony 
texture and by irregular areas of decreased density 
over the process. Destruction often begins in the 
region of the knee of the lateral sinus. If the knee 
of the lateral sinus is not sharply defined, this is 
indication that perisinus abscess is present with 
erosion of the adjacent bony plate (Fig. 303A). 
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Fig. 103A. Destructive Mastoiditis. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 








Fig. 305. Cholesteatoma in Lateral Position. 


CHOLESTEATOMA OF THE TEMPORAL 
BONE, (Hodgson). The external auditory canal ex- 
tends from the external auditory meatus to the tym- 
panic membrane. This membrane separates the ex- 
ternal canal from the middle ear, which connects by 
the eustachian tube to the nasopharynx. Practically 
all middle ear infections arise from the nasopharynx 
and travel through the eustachian tube to the middle 
ear cavity. From this point the infection extends to 
the attic through the aditus to the mastoid antrum 
and from this point to the mastoid cells. 

The internal auditory canal is for passage of 
the auditory nerve; this occupies the upper edge of 
the petrous bone; it communicates with the cochlea 
and semicircular canals. Enlargement of the interna) 
auditory meatus is significant in detection of acoustic 
nerve tumors. 

Two conditions are necessary for the produc- 
tion of a cholesteatoma: 

1. Low grade chronic infection, 

2. Diploetic or poorly pneumatized mastoid. 


It is associated with a history of long standing copious 
drainage of pus; demonstration of cholestrin crystals 
in the discharge clinches the diagnosis. 

If the mastoid is of the cellular variety, infec- 
tion spreads from the middle ear, through the aditus 
ad antrum into the mastoid antrum and from here 
into the mastoid cells. In a poorly pneumatized or 
diploetic mastoid, especially if the infection is of low 
grade and of a more insidious type, the process is 
slower. Normal mucosa is replaced by epidermal 
cells either from the external canal or by metaplasia. 
An infolding of the epithelial lining of the canal gives 
rise to this condition. Being squamous epithelium 
these cells are continually replaced, gradually collect- 
ing in the epitympanic recess, aditus or mastoid an- 
trum forming a constantly enlarging mass. Pressure 
of this enlarging mass of epithelial cells causes ero- 
sion. A thin layer of sclerotic bone forms around the 
edge of the mass. Not until the mass erodes through 
the wall of the cavity will its presence be detectable. 
Perforation finally occurs; this is usually into the ex- 
ternal auditory canal or it may be through the tegmen 
tympani into the middle fossa of the skull. Or the 
cholesteatoma may occur in the mastoid antrum or 
rupture into the labyrinth through the external canal 
where the latter projects into the mastoid antrum 
(Fig. 305). Examination in Mayer’s position (Fig. 
306) is of especial value where cholesteatoma is 
suspected, since it demonstrates very clearly the re- 
lation of the bony defect to the auditory canal. 


Welin sums up the roentgen finding in cholestea- 
toma as follows: The sharp definition, angularity and 
polygonal shape of cholesteatoma cavities, their oc- 
currence in the temporal bones with reduced pneuma- 
tization, and a linear calcareous zone between them 
and the surrounding bone tissue, have so far been 
held to be characteristic of these cavities. 

Nothing short of surgical evacuation can cure 
the disease. 
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Penicillin and other antibiotic agents have 
practically eliminated mastoiditis and other infec- 
tions of the mastoid bone. Within a single genera- 
tion the operative necessity for mastoidectomy has 
been almost completely obliterated. Formerly the 
roentgenologist’s determination of the type of cells 
which formed the mastoid process, the location and 
course of the lateral sinus and the position of its 
emissary vein were deemed essential. At the pres- 
ent time these have become practically of little value 
to the surgeon in his procedure. 


TYMPANOPLASTY 


Compere has recently pointed out, in an excel- 
lent presentation, how the succession of these events 
has transferred the surgeons greatest field in otolo- 
gy to tympanoplasty for relief of defects in hearing 
and possibly eradication of cholesteatomas. ‘*The 
surgeon now requires accurate information concern- 
ing the extent and activity of disease in the attic 
and aditus. The less surgical exploration necessary, 
the better the blood supply in the site of the skin 
graft, and thus the better chance of the maintainence 
of a viable graft.” “If exploration of the hypoty- 
panum and eustachian tube orifice can be avoided, 
the graft has a better chance of taking. 

Audiometric studies (including the use of the 
acoustic probe) serve to determine the continuity of 
the ossicular chain, but in instances where this is 
disturbed, the “condition and position of the malleus 
and incus can be determined roentgenographically; 
(at the present time the incudostapedial joint and 
stapes cannot be satisfactorially identified). (See 
“Manual of Roentgenological Technique.”) 

Multiple projections of the temporal bone are 
essential for satisfactory interpretation. Mayer in 
1926 recommended a mastoid series consisting of 
stereoscopic roentgenograms taken in Schiller’s 
Stenver’s, Mayer’s and Owens’ positions. Schiller’s 
position, taken laterally from a cephalocaudal angle 
of 25 to 30 degrees, reveals the pneumatic structure 


of the mastoid process, as well as the sinus and 
dural plates. 

Stenver’s position, taken from a caudocephalad 
angle of 12 degrees with a 45 degree rotation of the 
head to bring the petrosa parallel to the film, pro- 
jects the antrum to the best advantage. The laby- 
rinth, dural plate, the area of the tympanic cavity, 
and the cellular structure of the mastoid process 
are also visible. Unfortunately there is no possible 
plane of projection by which one can bring the 
petrous pyramid directly onto the film, or avoid con- 
fusion by the projection of other osseus anatomic 
parts upon it. The visualization of the petrosa 
through the temporal fossa and the occipital bone, as 
in Stenver’s position, makes this the most desirable 
view for the examination of the cochlea, internal 
auditory canal, and cellular structure of the petrous 
pyramid. 

Mayer’s position gives information unobtain- 
able in any other view (except for Owen’s modifica- 
tion) for examination of the temporal bone in chronic 
otitis media and mastoiditis. Taken from a cepha- 
locaudal angle of 45 degrees with from 30 to 45 de- 
gree rotation of the face away from the film, the 
tympanic cavity, attic and aditus are freed from the 
dense osseus shadow of the labyrinth. For best detail, 
a two-inch cone is desirable. The closest possible 
mastoid-to-cassette apposition must be maintained. 
The mastoid can be placed firmly on the cassette only 
if a cassette holder is used which can be positioned 
above the patient’s shoulder. 

The Owen position, taken from a cephalocaudal 
angle of 30 degrees with the same rotation as de- 
scribed above, amplifies the Mayer position by de- 
creasing the distortion created by its 45 degree angu- 
lation. This position is preferred by the otologist be- 
cause the attic-aditus-antral area has the same ana- 
tomic relationship as it does at the time of surgery. 

In the usual case of chronic mastoiditis and 
otitis media, all other projections may be omitted 
without sacrifice, if correctly positioned stereoscopic 
projections are secured in Stenver’s, Mayer’s and 
Schiller’s positions. 
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TEETH AND JAW 


ROENTGEN ANATOMY (Figs. 308A and B). APICAL INFECTION (Figs. 
The teeth are dense structures, partly embedded in 309A, B, C and D). As physicians, 
the cancellous bony tissue of the alveolar process our main concern in examination 
and partly protruding above the aveolar margin. The of the teeth is for detection of in- 
portion which extends into the alveolar socket is fection. The teeth are notorious 
called the root; that portion which protrudes above as sources of focal infection. The 
the gingival margin is called the crown. The tooth most frequent location of such 
structure throughout is made up largely of dentine. foci of infection in the teeth is at 
The crown is covered by dense extremely hard the apices of the roots; the nerve 
enamel which can be distinguished in the roentgeno- dies or is killed and is removed 





gram as a denser covering. The root, covered with by the dentist; it is replaced by a 
pericementum, fits snugly into the alveolar socket, Fig. 308C root canal filling, sealing the 
which is lined by the peridental membrane. In the canal. Infection entering by the 


interior of the crown, the pulp chamber appears as open canal continues to persist at the apex of the 

a symmetrical cavity extending downward to the end, tooth even for years after the tooth has been filled, 
or apex, of the root; this harbors the nerve and blood | thereby furnishing a constant source of infection for 
supply of the tooth. 

Normally there are 32 adult teeth; they are 
symmetrical and are similar in the upper and lower 
jaws. From the midline posteriorly they are: cen- 
tral incisor, lateral incisor, cuspid, 1st and 2nd bi- 
cuspid, 1st, 2nd and 3rd molar. They may be indi- 
cated roentgenographically before eruption as tooth 
buds forming below the deciduous teeth. 





Fig. 309B Fig. 309C 
Chronic Apical 
Abscess. Granuloma. 


absorption by the circulation. 
If the individual is in good 
health and has good resisting 
power, the body takes care of 
and neutralizes the effects of 
infection; just as soon, however, 
as this bodily defense breaks 
down from sickness or age, the 
effects of bacterial infection 
manifest themselves. 
Roentgenographically 
these areas of apical infection 
are manifested by a break in 
Fig. 309D the peridental membrane which 
; 3. Root surrounds the apex of the tooth 
a Cyst. and diffuse absorption of the 
periapical alveolar membrane 
ROURE TOOTH which surrounds the apex. If the abscess is acute 
the area of absorption is more diffuse and irregular 
(Fig. 309A); if chronic it is more clearly defined 


DENTAL CARIES (Fig. 308C). Dental caries is | ‘Fig. 309B). As the disease progresses the area of 
indicated roentgenographically by radiolucent areas apical infection becomes rounded and smooth indi- 





Fig. 308B. Normal Tooth Structure. 


in the crown of the tooth. Such areas may become cating the formation of an apical granuloma (Fig. 
quite large, developing beneath the surface, before 309C); such a condition is indicated roentgenographi- 
they are detected by roentgen examination. If they cally as a rounded radiolucent area at the very apex 
are encased deeply in the tooth structure they may of the root surrounded by a slight zone of sclerosis 


cause pain to heat or cold; if open, they rarely cause in the alveolar process. Inflammatory root cysts 
pain unless they encroach on the pulp chamber. (Fig. 309D) of varying size may develop as the 


SPECIAL EXAMINATIONS AND PROCEDURES 


TUMORS OF THE MANDIBLE. Any of the soft 
part tumors common to other regions of the body 
may occur in the region of the jaw as well. They are 
of importance roentgenologically only in so far as 
they may encroach upon and invade the bony structure 
of the mandible. Tumors of the mandible itself may 
be benign or malignant. The benign tumors, owing to 
their close relationship to the teeth and dental de- 
velopment, have certain characteristics peculiar to 
this region; they are either of osseous or dental ori- 
gin. The malignant tumors are more inclined to be 
similar to other osseous tumors occurring elsewhere 
in the body. The classification of tumors of the jaw 
in use in the Surgical Pathological Laboratory at 
Johns Hopkins Medical School (as quoted from 
Geschicter and Copeland) is as follows: 


Dental and Benign Osseous Tumors 
Radicular or dental root cysts 
Follicular or dentigerous cysts 
Adamantinomas 
Odontomas 
Giant-Cell epulis (soft part tumor of 

alveolar margin) 
Central giant-cell tumors 
Osteomas and ossifying fibromas. 


Malignant Osseous Tumors 
Osteogenic sarcomas 
Sclerosing 
Chondral 
Ewing's Sarcoma 
Tumors with skeletal and jaw involvement. 


BENIGN. Any type of tumor occurring else- 
where in the body may arise in the mandible. There 
are, however, some tumors which occur peculiarly 
in this position. 


RADICULAR OR DENTAL ROOT CYSTS are 
epithelial cysts of inflammatory origin occurring 
about the root of a chronically infected devitalized 
tooth. The apex of the root usually projects into the 
cyst cavity (Fig. 309D). It is circular in outline, 
with a well-defined border occasionally showing a 
sclerotic zone about its margin. These may cause 
few symptoms at the outstart but when they become 
larger they may, owing to pressure, produce neu- 
ralgic symptoms. These cysts have a fibrous wall 
and smooth epithelial lining. They may be filled with 
mucus or pus. 


FOLLICULAR OR DENTIGEROUS CYSTS are 
cysts having a well-defined cyst cavity containing one 
or more usually well-formed teeth (Fig. 312A). They 
arise from the epithelium of the enamel organ during 
development. They are most frequently seen in the 
third molar region. They may occur without the 
presence of tooth structure; under these conditions 
they are known as simple cysts. 

Simple cysts of the jaw are very common. They 
are often very extensive, involving almost the entire 
side of the jaw. The bony wall is thin and crackles 
easily on pressure; such cysts fill in with new bone 
and heal after curettement or fracture. 
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Fig. 312A. Follicular or Dentigerous Cyst. 


ADAMANTINOMA, Fig. 312B, is a tumor aris- 
ing within the alveolar border of the jaw from the 
paradental epithelial remains of the enamel organ. 

It usually contains irregular masses of various tis- 
sues which go to make up tooth structure but no defi- 
nitely formed tooth. They show multiple cystic areas 
and patchy sclerosis at the border of the tumor; they 
are traversed by septa very similar to giant cell 
tumor and are often associated with dentigerous cyst. 
They do not have limiting membranes and tend to 
recur locally unless widely removed. They are slow 
growing (five years or more) and do not tend to 
metastasize. The lower molar region is the most 
frequent site of involvement. 

One symptom which is frequently present and 
the significance of which is often overlooked is the 
loosening of a tooth. This is a condition frequently 
associated with malignant growths of all kinds. 

Roentgenologically the adamantinoma is a 
clearly defined, centrally located solid or cystic 
tumor. It may be monocystic but is more frequently 
of polycystic type giving a honey-combed appearance 
which is quite characteristic of the condition. They 
may contain tooth remnants. Strangely enough, tumors 
of this type have also been described in the shafts of 
bones, especially the tibia. As pointed out by Sher- 
man and Caumartin, they may in rare instances take 
on a low grade malignancy and metastasize to the 
cervical nodes or even lungs. 


ODONT OMA is a solid mixed tumor composed 
of tooth elements, dentine, cementum, enamel, etc., 





Fig. 312B. Adamantinoma. 
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Fig. 312C. Ossifying Fibroma. 


irregularly distributed without capsule or limiting 
membrane. It can be readily seen in the roentgeno- 
gram. 

Roentgenographically they appear as irregular 
masses of calcification occurring in a rarefied area 
often in close relationship to a tooth. These cal- 
careous deposits represent all manner of tooth rem- 
nants. They are benign and do not tend to recur after 
operative removal. 


CENTRAL GIANT CELL TUMORS of the mandi- 
ble resemble giant cell tumors occurring elsewhere. 
They have the same type of trabecular formation, 
with expansion of the bone. They occur at a much 
earlier age here than in the long bones (ten to twenty- 
five years) and respond to conservative treatment. 


OSTEOMA may appear as an outgrowth of bone 
from any part of the mandible. 

Heavy overgrowths of bone sometimes occur in 
the midline of the palate (torus palatinus) or at the 
alveolar ridge (torus lingulis); filmed in profile these 
show as projecting growths in no relation to the tooth 
structure. They are usually of no pathological signi- 
ficance. 


OSSIF YING FIBROMA, Fig. 312C. These are 
slow-growing fibrous tissue tumors which slowly 
undergo ossification. The process is slow and pain- 
less, the first symptom noted being swelling and dis- 
figurement of the face. Roentgenologically they give 
a characteristic appearance of irregular ossification 
extending out into a large mass of less dense fibrous 
tissue. 


PRINCIPLES OF ROENTGEN INTERPRETATION 


Fig. 313. Carcinoma of Mandible. 


OSTEITIS FIBROSA. As part of the bony 
changes associated with generalized osteitis fibrosa 
(von Recklinghausen's Disease) the lamina dura of the 
teeth is not visible and loses its identity roentgeno- 
graphically. This is a point in differential diagnosis 
from tumor. They present the appearance of an egg- 
shell expanding, unilocular lesion, with flecks and 
strands of bone. They produce a rather unique ap- 
pearance due to their tendency to the dissolution of 
the neighboring bone without pressure displacement. 


CHERUBISM-FAMILIAL FIBROUS DISYPLASIA 
OF THE JAWS. A peculiar type of fibrous tissue 
growth invading the mandible causes loss of dental 
structure and enlargement of the bone imparting a 
characteristic cherub-like appearance to the individ- 
ual. Roentgenographically the condition resembled 
that seen in fibroma. It affected only the jaws of 
these individuals, Operative procedures for cor- 
rection of the deformity were well borne. 


MALIGNANT TUMORS. Primary osteogenic 
sarcoma may occur in the mandible just as well as 
any other bone in the body. Malignant involvement of 
the mandible (sarcoma or carcinoma) is most fre- 
quently encountered as a secondary growth. Carci- 
noma most frequently occurs as an extension from 
carcinomatous involvement of the mouth (Fig. 313). 
It causes a ragged irregular destruction of bone from 
invasion of the malignant process. 


INFANTILE CORTICAL HYPEROSTOSIS. The 
jaw is frequently involved in infantile cortical hyper- 
ostosis, (q.v.). Search should be made for other bone 
involvement if the diagnosis is in doubt, but usually 
this will not be necessary since the symptoms and 
signs are typical. 
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“tn elghth ne rve tumors, growth of the tumar’. 


ae ae expansion of the auditory canal and enlarge=; 
growth, #0. enlarge the sella turcica that pressure ab | 


imént of the internal auditory meatus. This can often: 


- Toe: detected by careful examination in Chamberlain. >. 
| Towne or in Stenvers’ position of the skull by com-- 
; cas | pee of. the two Bie ee: 31 5}. Rag Manwal of” : 
 < gella, are most frequently affected. Such involve Ss : 
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| Bae ae estes. shift of the tseall deta ite midline position i 
) aa seen of antero-posterior view indicates an expand- : 
|) ig tesicn of the ather hemisphere. Pineal displace: 
SMR dE ment ja the antero-posterior ar ‘superior - inferior dis) 
Seater ke. Yettion as seen on lateral _view is less frequently ~ | 
Boa ees observed, but Is an accurate indication ofa-masgs 
ESB ORL provided the displacement is beyond the known. 
? normal limits of pineal position. . 


- Vastine and Kinney have charted the. ‘ocation Oh 


‘the pineal gland in a large number. of normal jedivia- on 
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SPECIAL EXAMINATIONS AND PROCEDURES 


Other intracranial calcareous deposits of path- 
ological importance include calcifications in associ- 
ation with: 

Vascular Structures - 

Arteriosclerosis of cranial vessels 
Aneurysms of cranial vessels 
Hemangiomas associated with large vas- 
cular tumors of scalp and face 
Angiomatous malformations 
Hematomas—intracranial 
Previous Destruction - 
ncep Ss, multiple, fine, dense calci- 
fications 
Degenerated brain substance—calcified 
Toxoplasma infection when healed—small 
calcareous deposits irregularly dis- 


tributed 
Degenerative Nerve Processes— 
alcification asal nuclei 


Tuberous sclerosis 

Calcified deposits in the wall of an aneurysm of 
the carotid artery in the skull may show as a comma- 
like shadow within the orbit in the frontal view; in the 
lateral view the calcified walls show as parallel lines 
traversing the region of the sella. Ringlike periar- 
terial calcifications about the vessels have been de- 
scribed but are very rare. Calcified deposits in the 
pituitary itself are much less frequent; they cannot 
be considered as of significance unless associated 
with symptoms. Cysts about the pituitary region often 
are the site of calcareous deposits; hematomas may 
show deposits at their margins; even chronic ab- 
scesses may have calcium deposits. Calcareous de- 
posits other than these must be viewed with suspicion 
as evidence of intracranial new growth. 

Encephalitis may be followed by calcium depo- 
sition. Toxoplasmosis is the most frequent cause of 
multiple areas of intracranial calcification present at 
birth or in the first year of life. Other infectious 
processes which may result in intracranial calcifica- 
tion are cysticercosis, torulosis, ecchinococcosis, 
trichinosis, cytomegalic inclusion body disease, 
chronic pyogenic abscess, and both tuberculoma and 
tuberculous meningitis. 

Calcification in the basal ganglia may be seen 
with hypoparathyroidism, and in certain cases of 
mental retardation. 

Tuberous sclerosis (Ackermann; Dickerson) 
produces irregular areas of calcification in the brain 
within the tumorous masses. These may affect al- 
most any structure of the brain, so that their location 
is not restricted; their symptomatology is variable 
depending upon the area involved. Patchy areas of 
increased density are seen in the calvarium as well 
as a generalized thickening of the tables. They are 
hyperostoses of the inner table and of the trabeculae 
of the diploic spaces (Hawkins). Tuberous sclerosis 
may also involve bony structures producing cyst-like 
areas in the cancellous structure simulating polyo- 
stotic fibrous dysplasia. When the lungs are involved 
fibrocystic changes occur which may be present 
throughout both lungs. 
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DEFORMITIES OF SKULL IN HEAD INJURY, 
“STRESS COAT" TECHNIQUE. By a very technical 
method of “stress coating” the skull studies have 
been made of deformities of the skull following head 
injuries for the detection of resulting stress and 
strain. By this method it is possible to predict the 
likelihood of fractures occurring at various locations 
in the skull when subjected to certain trauma, 
(Gurdjian, Lissner, Webster). 


INTRACRANIAL NEOPLASMS. The most com- 
mon types of intracranial neoplasms are: (Percival 
Bailey): 

Glioma 

Pituitary Adenoma 

Chromophobe 
Chromophile 
Eosinophilic 
Basophilic 
Mixed 
Meningioma 
Neurinoma-Acoustic Nerve Tumor. 


Gliomas occur in many different forms, accord- 
ing to their cell derivation. From their x-ray stand- 
point they show no difference in characteristics; they 
may occur in any location. Localizing symptoms may 
be so few or confused that it may even be difficult to 
determine the side on which the lesion is located. 

The presence of a brain neoplasm may be in- 
dicated by calcification seen on the skull films. Ina 
series of 661 proven brain tumors, calcification was 
noted in 15%, (Gilbertson and Good). The most fre- 
quently occurring type of tumor, the glioblastoma 
multiforme, shows radiographic calcification infre- 
quently. Other tumors of less common occurrence 
show calcification more often. Although oligodendro- 
gliomas comprise about one-tenth of the total number 
of gliomas seen, half of these tumors calcify to some 
degree. Ependymomas, also not too common in gen- 
eral occurrence, calcify in one-fourth of instances. 
Astrocytomas calcify in a frequency of 13%. Medul- 
loblastomas and ganglioneuromas rarely if ever 
show calcification. 

Meningiomas of themselves show calcific den- 
sities appreciably often, but the detection of their 
presence is aided by the accompanying bone changes, 
erosion or hyperostosis. Craniopharyngiomas calcify 
very often, particularly in children. Tumors of he- 
mangiomatous nature, metastatic carcinomas and sar- 
comas were not observed with calcium deposits. Cal- 
cification is thought to be of predominantly strandlike 
nature in oligodendrogliomas and astrocytomas. In 
spongioblastoma multiforme and ependymoma, punc- 
tate calcification is more to be expected. 

Detection of calcification is a reliable roentgen- 
ographic sign of the presence and approximate loca- 
tion of a brain tumor. Films of excellent technic are 
required for often the calcification is highly localized 
and very faint. Differentiation must always be made 
from areas of physiological calcification, or areas of 
calcification which are not of pathological significance. 
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Another method by which this may be deter- 
mined, if the pineal gland is calcified, is to observe 
any deflection of the pineal gland from its normal po- 


sition in the midline. Tumors on one side of the brain, 


even when located in the frontal or occipital lobes far 
beyond the location of the pineal, may cause its shift 
to the opposite side; this is probably due to the edema 
from interference with circulation, caused by the 
tumor. Since approximately 50% of all adults have 
calcified pineal glands, it is obvious that this may be 
a very helpful sign (Fig. 317A). Tumors of this sort 
rarely produce bone erosion or production but may be 
associated with the manifestations of increased intra- 
cranial pressure. Of Cushing’s 2023 verified brain 
tumors 42.6% were of this type, constituting by far the 
greatest percentage of neoplasm found in the brain. 
Displacement of the calcified pineal body in the 
antero-posterior or superior-inferior axis is less 
common, but does occur with some large tumors. 
Displacement beyond the normal range of position, 
known from measurement of normals, is significant. 
Vastine and Kinney have prepared charts for this pur- 
pose (Fig. 317B). 


Pituitary adenomas* are of three general types: 
the ci romonhote adenoma, in which the granules do 
not stain; the chromophile adenoma, in which the 
granules stain, with eosin (eosinophilic adenoma) or 
with hematoxylin (basophilic adenoma) or with both 
(mixed cell adenoma). Of Cushing’s 2023 verified 
brain tumors pituitary adenomas accounted for the 
second highest percentage, 17.8%. 


The chromophobic adenoma produces a large 
bulky tumor Thick expands the sella turcica, causing 
backward displacement of the posterior clinoid proc- 
esses and erosion. It may attain considerable size 
before its presence is suspected. The sella has a 
“ballooned” appearance, suggesting the pathological 
process in enlarging the sella from within. This is 
to be distinguished from the decalcification and 
erosion of the posterior clinoids as seen in general- 
ized increased intracranial pressure. Disturbance 
of the visual field and headache is often the first 
manifestation of the condition. By far the greatest 
number of pituitary adenomas are of this type. This 
type is associated with pituitary insufficiency. The 
chromophobic type shows the greatest response to 
x-ray therapy; the tumor becomes checked in its 
growth or subsides enough to cause improved vision 
and remission of headaches but care must be exer- 
cised before any evaluation of treatment is made; 
long remissions are frequently encountered. 


The eosinophilic adenoma produces some en- 
largement of the pituitary but never the large bulky 
tumor seen in the chromophobic type. About 90% 
show some enlargement of the sella turcica but in 
only one-third of these is the enlargement sufficient 
to cause disturbance of the vision. This type is as- 
sociated with pituitary hyperfunction, producing gi- 
gantism in young individuals and acromegaly when 
the hyperfunction begins in adulthood. The osteo- 
chondrodystrophic changes in the bones of the hand 
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and jaw of the acromegalic is due to secretion of ex- 
cess growth hormone after the epiphyses have closed. 


After successful treatment of pituitary tumors, 
recalcification of the eroded sella turciea, dorsum 
sella and posterior clinoid processes is unusual. 
After treatment of 70 patients so afflicted, only 4 
showed recalcification. In 3 of these, the regenerated 
measurements were almost exactly as before treat- 
ment. 


Basophilic adenoma, or pituitary basophilism 
never oroduces enlargement or deformity of the bony 
sella. A diffuse osteoporosis_.of all bones is seen in 
this (Cushing’s) syndrome. 


Meningioma. This is a bulbous encapsulated 
tumor arising from the meninges or arachnoid gran- 


ules which often attains considerable size. Meningi- 
omas may occur at any location but are most fre- 
quently encountered in the parasagittal center region 
(one-fourth) in the cribriform, ophthalmic and sphe- 
noidal regions, along the transverse sinus and near 
the foramina of the cranial nerves especially the ol- 
factory groove. Of Cushing’s 2023 verified brain 
tumors 13.4% were of this type. 

This tumor gives rise to certain localized 
changes in the skull which may be characteristic 
when correlated with the slow progression of the 
clinical symptoms. These roentgen manifestations 
consist of local evidence of bone erosion and bone 
production. Erosion ts indicated by irregular local- 
ized thinning of the bone. Bone production may occur 
however from invasion of the tumor into the Haver- 
sian canals stimulating new bone formation which 
may be so pronounced that it appears radiographical- 
ly as spicules of bone radiating perpendicular to the 
cranial vault. Usually however the picture is one of 
both new bone production and destruction going on 
simultaneously. There is often associated dilatation 
of the diploetic veins in the region of the tumor. The 
tumor may become so large that it causes a palpable 
mass in the cranium. Endothelioma, originating in 
this region, may grow through the bony spaces of the 
skull to the outside, forming palpable tumors also. 
They may or may not be attended with demonstrable 
bone destruction on roentgen examination. 

Somewhat similar areas of irregular bone pro- 
duction are encountered in healthy adult individuals 
without intracranial tumors (Fig. 318). This is 
known as hyperostosis internus cranialis, and may 
occur at any location of the skull. Such areas are 
most common in the frontal region (frontalis). They 
have been variously ascribed to endocrine disorders, 
atrophy of the brain with bony proliferation from the 
arachnoid, etc. Roentgenologically they can be differ- 
entiated from calcifications of meningeal tumors in 
that they do not occur in an isolated location but are 
bilateral showing a symmetrical pattern on both sides 
of the head most frequently encountered in the frontal 
region. Pedersen, following a correlated study of the 
roentgen findings in the skulls of 908 female patients 
and their endocrine manifestations, with special refer- 
ence to adiposity and hypertrichosis, concluded that 
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pressure. This finding is so often present without in- 
creased intracranial pressure, and is found in nor- 
mals, particularly children, that it is felt not to bea 
reliable sign. It must always be correlated with 
other signs, both clinical and radiographic, of in- 
creased pressure. 

Decalcification of the dorsum sellae and ero- 
sion of the dorsum are reliable signs of increased 
intracranial pressure. The changes in this portion 
of the base of the skull are thought to be secondary 
to pressure from the dilated, enlarged third ventri- 
Cle in cases of internal hydrocephalus. These 
changes which affect the dorsum of the sella are in 
almost all cases distinct from the bony erosion oc- 
curring within the sella from a tumor arising in the 
sella itself. In cases of primary pituitary tumor, the 
sella is ballooned, that is, enlarged from within. The 
decalcification and erosion of the dorsum suggest that 
factors from outside the sella are at work. Any long- 


standing and significant cause of generalized in- 
creased intracranial pressure may give these altera- 
tions of the dorsum. With relief of the increase in 
pressure being obtained, the sella may return toa 
normal contour and density of bony structure, but 
failure to do so does not necessarily indicate that in- 
creased pressure is still present. 

Under certain circumstances, separation of su- 
tures may be due to infiltration of neoplastic or 
granulomatous tissue, as in xanthomatosis or leu- 
kemia. Decalcification of the dorsum sellae is seen 
to a certain degree in older age group without corre- 
lation of increased intracranial pressure. For this 
reason it is not quite as reliable a sign in the aged 
patient as in a young adult. In young children sella 
erosion and decalcification is not frequently seen, for 
with the separation of the sutures, the pressure is 
more or less relieved. Once the sutures have closed, 
sella changes are prominent. 
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upright position. From the fourth ventricle the 
cerebrospinal fluid not only finds its way into the 
spinal canal, but into the subarachnoid spaces of the 
brain also by way of the Foramina of Luschka and 
Magendie. It is excreted by the pacchionian bodies, 
which lie along the superior longitudinal sinus, into 
the blood stream. Any interference of hypersecre- 
tion or deficient elimination will result in general- 
ized dilatation of the ventricular system or internal 
or communicating hydrocephalus. Excessive collec- 
tion of fluid in the subdural space is known as ex- 
ternal hydrocephalus. Occlusion of the foramina of 
Luschka and Magendie as result of arachnoiditis is 
known as noncommunicating or internal hydrocephalus. 

A great majority of the tumors of the brain do 
not give indication of their presence by ordinary 
X-ray examination because they are similar in 
density to the brain tissue in which they lie. The 
ventricular system, because of its fluid content, 
likewise fails to show on ordinary roentgen exami- 
nation. In order to visualize the ventricular system, 
therefore, it is necessary to fill it with some medi- 
um of different density to that of the surrounding 
soft tissue structures. The medium in general use 
is air. 


VENTRICULOGRAPHY.* A needle is in- 
serted, through a trephine opening in the skull, (us- 
ually in the occipitoparietal region), through the 
brain substance into the lateral ventricle, and the 
fluid withdrawn. Replacement with air, a medium 
of lesser density, will render the entire ventricular 
system clearly demonstrable on radiographic ex- 
amination. This method for examination of the 
brain was first suggested to Dandy, its originator, 
by a roentgenogram taken by Wm. H. Stewart in 
which pneumocephalus resulted from communication 
of the ventricular system with a fracture of the skull 
involving the frontal sinus; every time the patient 
blew his nose the ventricular system filled with 
air. 

No clearer method for the fundamental analy- 
sis of ventriculograms has been devised than that by 
Torkildsen and Pirie, which is briefly described in 
the following paragraphs. 

The lateral ventricle is divided into six por- 
tions, each of which bears certain distinctive 
characteristics which can be identified in the 
lateral and also the anteroposterior views, (Fig. 
320A, B, C). 


Part 1. Anterior flattened 
tip of the frontal horn as it turns 
downward and outward. Since 
the ventricular structure is 
very thin in this location the 
roentgen shadow cast by this 
part will be relatively faint in 
comparison with that of the 
other portions of the ventricle, 
(Fig. 320E). 


Fig. 320E 
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Part 2. The portion of the ven- 
tricle just posterior to the anterior 
horn and in front of the thalmus con- 
stitutes the second part. The shadow 
cast by this portion is more intense; 
it is more triangular and does not 
deviate from the midline as does the 
frontal horn, (Fig. 320F). 

Part 3. Air filling the lateral 
ventricle posterior to part two pro- 
duces a third shadow which extends 
across the upper portion of part two 
due to the narrowed portion of the 
lateral ventricle in this region, (Fig. 
320G). 

When all three shadows are 
superimposed they produce a com- 
posite representation of the body of 
the lateral ventricle as seen in the 
Ventriculogram, (Fig. 320H and J). 
“If the head is tipped backward when 
the film is taken, shadow three is 
seen to merge into one outline with 
shadow two because the latter be- 
comes situated at a higher level than 
the thalmus. Because of the length 
of the air-filled 
space it throws a 
darker shadow than 
any other part of 
the ventriculogram,” 
(Fig. 3201). If the 
head is tipped for- 
ward when the film 
is taken, shadow 
two is seen to ex- 
tend upward almost 
overshadowing part 
three. If this oc- 
curs on one side 
only it probably 
means that the ventricle on this side is partially 
filled with fluid. 

Part 4. This is the remaining portion of the 
body of the lateral ventricle posterior to the thalmus. 
The shadows produced by this portion of the ventri- 
cles extend downward as more slender structures 
on either side of the main portions of the bodies of 
the lateral ventricles. 

Part 5. This portion of the ventricle consists 
of the posterior horn. It is viewed on end and there- 
fore can usually be shown only in a foreshortened 
view. “It usually appears as a dark circumscribed 
area between shadows four and six, frequently pro- 
jecting slightly medially.” The posterior horns are 
frequently the sites of anomalous development; they 
may vary in size, form and outline on one or both 
sides or may be entirely absent. 

Part 6. This portion embraces the inferior or 
temporal horn of the lateral ventricle. In the an- 
teroposterior view this portion of the ventricle also 
appears somewhat foreshortened because of the 
projection of the rays along the long axis of the horn. 


Fig. 320F 


Fig. 320G 





Fig. 320H 
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Fig. 


The tips deviate 
medially at their 
anterior ends. 
Figure 320L shows 
a composite view of 
all of the ventricu- 
lar shadows. 

In the postero- 
anterior position, if 
the ventricles are 
well filled with air, 
these same struc- 
tures can usually 
be recognized; their 
appearance is simi- 
lar with the excep- 
tion that the struc- 
tures closest to the 
film are smaller and more clearly outlined. The 
anterior ends of the temporal horns frequently do 
not show in this position due to gravitation of the 
cerebrospinal fluid remaining in the ventricles. 
Similarly, in the anteroposterior position, small 
amounts of air trapped in the tips of the temporal 
horns may appear as isolated globules of air. 

In the lateral view, these structures can usual- 
ly be well outlined. Brains fit the skulls which en- 
case them and their ventricles conform to the size 
and shape of the brains which contain them. The 
third ventricle is flat in this position and therefore 
casts a very faint shadow but it can usually be de- 
tected with the aqueduct of Sylvius which extends 
almost vertically downward into the triangular fourth 
ventricle below. If it is desired to see the third 
ventricle in greater detail a lateral film with the pa- 
tient’s head hanging backward over the edge of the 
stretcher, vertex downward, will allow air to better 
fill this structure. For the temporal horns, Clark’s 
position, projecting the rays from behind forward, 
patient in the upright position with head depressed 
forward, gives a very satisfactory auxiliary view. 

From the fourth ventricle the cerebrospinal 
fluid passes into the spinal canal and by way of the 





Fig. 320L 
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320J Fig. 320K 

foramina of Luschka and Magendie into the subarach- 
noid passageways which cover the brain. From these 
spaces the fluid is removed by the pacchionian bodies 
into the superior longitudinal sinus. 

Roentgenologically by following these diagram- 
matic divisions (Fig. 321Ato D) it is often possible to 
more accurately establish the location and extent of 
a lesion and to come to a clearer understanding of 
the pathology present. 

Excessive secretion of cerebrospinal fluid by 
the choroid plexus or its defective elimination by the 
pacchionian bodies will result in increased fluid ac- 
cumulation in and enlargement of the ventricular sys- 
tem (Fig. 321F). Any interference with its natural 
circulation as for instance closure of the foramina of 
Luschka and Magendie, from an inflammatory process 
such as meningitis, will have a similar result. 

Blockage of the flow of fluid by invasion or 
pressure of a tumor mass will cause dilatation of the 
ventricular system proximal to the obstruction. Dila- 
tation of the lateral ventricles without deviation or dis - 
placement would indicate a thirdventricletumor. Dila- 
tation of the third ventricle as wellas the lateral ventri- 
cle, either a lesion in the region of the Aqueduct of Sil- 
vius or in the fourth ventricle. Outlining of the tumor 
in the third or fourth ventricles by air ascertains the 
position of the obstructing lesion. Dilatation of the 
ventricular system then without displacement of ven- 
tricles to one side or the other, and without encroach- 
ment upon the ventricular wall from one side or the 
other, indicates a midline tumor. More often in addi- 
tion to dilatation of the ventricular system there is 
displacement or encroachment on the ventricular 
structures, indicating that the space-occupying lesion 
is unilateral. 

The types of lesions most commonly encoun- 
tered in which ventriculography is of value are space 
occupying lesions such as brain tumors, cysts or 
hematomas. Since the density of all such lesions is 
ordinarily the same as that of the brain they cannot 
be differentiated roentgenographically from the sur- 
rounding tissue, unless, as occasionally happens, 
they may show fine calcium deposits. They all take 
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the head show the structures (Wilson and Snodgrass). 
There is no doubt about the advantage of the fine 
opacity obtained. Thorium dioxide is now seldom 
used for this purpose because of its radioactivity. 


ENCEPHALOGRAPHY (Figs 322 A-1, A-2, B-1). 


Small amounts of cerebrospinal fluid may be drained 
at a time and air substituted by means of lumber punc 
ture. This may be done only if there is no evidence 
of increased intracranial pressure, otherwise the 
brain stem may be jammed down into the foramen 
magnum and death may occur from respiratory 
paralysis. Air introduced in this fashion in suitable 
cases finds its way not only into the ventricles but 
into the subarachnoid cisterns (Fig. 322A-1 and Fig. 
322B-1) and smaller subarachnoid pathways as well. 
The ventricles themselves, when completely filled 
with air by this method, appear exactly the same as 
when filled by the direct ventriculography. The sub- 
arachnoid passageways appear as fine tortuous, ir- 
regular channels at the periphery of the brain often 
showing especially pronounced in the anterior portion 
over the frontal area, due to the fact that the patient 
usually lies on his back and the air collects anterior- 
ly. Laceration and hematoma from injury often 
cause obliteration of these markings over the in- 
volved area. Subtentorial tumors may obstruct the 
access of air to these spaces when introduced by 
lumbar puncture. Brain atrophy may be indicated by 
ventricular dilatation on the affected side, or by en- 
largement of the subarachnoid pathways. 

Pneumocephalus (pneumocranium) is an ab- 
normal collection of air within the skull, (Eagleshaw). 

Intracranial pneumocephalus is usually due to 
trauma such as fracture involving the accessory 
nasal sinuses or mastoid air cells. It may, however, 
be non-traumatic due to erosion into these struc- 
tures. 

It may be extradural in which case it is usually 
small in amount remaining fixed in position, limited 
to the site of trauma. 

Subdural air on the other hand outlines the 
brain; it is usually associated with fluid and moves 
freely within the cranial cavity with change in posi- 
tion of the skull, (Fig. 322A-2). 

Air in the subarachnoid space outlines the 
passageways as seen in encephalography; it does not 
move freely within the skull on change of position, 
but may show variations of its distribution due to 
prolonged maintainance of the same position. 





A. ENCEPHRLOGRAA 


SP- SUBARACHNOID 
POTMIAYS 


Fig. 322A-1 
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Fig. 322A-2. Air in Subdural Space. 


Intracerebral pneumocephalus is most frequent- 
ly seen extending upward from the floor of the an- 
terior fossa or back from the anterior wall in close 
apposition to frontal and ethmoid sinus fluid level. 
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CEREBRAL ANGIOGRAPHY 


Cerebral Angiography* (Fig. 322C, D, E, and 
F). Roentgenographic examination of the skull after 
injection of contrast media (Hypaque, Diodrast, 
Urokon) into the cerebral arterial circulation dis- 
closes the vessel pattern quite clearly. Injection is 
made rapidly so as to provide sufficient radiopacity 
of the vessels desired to be visualized. During and 
after injection, films are made in two planes, the lat- 
eral and A-P. Rarely other projections are used. 
Films of both the arterial and the venous phase of 
circulation of the contrast solution are obtained, or 
several films are taken in rapid succession with the 
aid of a casette changer. The technic utilized de- 
pends on the type of lesion which is under investiga- 
tion. Carotid angiography on the side of the sus- 
pected lesion is the most frequently used procedure. 
Bilateral carotid angiography is performed when 
there is uncertainty concerning the location of the 
lesion. The vertebral artery is similarly injected 
with contrast material when visualization of posteri- 
or fossa structures is desired. 

Cerebral angiography is a valuable diagnostic 
procedure for many types of lesion, not only of the 
blood vessels themselves, but of other intracranial 
conditions. Angiography is preferred to ventricu- 
lography in some instances. In other situations, 
ventriculography gives more accurate and complete 
information. In another group of lesions, both angi- 
ography and ventriculography are capable of locating 


and demonstrating the type of lesion. Then the choice 





Fig. 322B-l1. Diagrammatic sagittal section to show 
the subarachanoid cisterns (black). A. cisterna mag- 
na; B. cisterna pontis; C. cisterna interpeduncularis; 
D. cisterna chiasmatis; E. cisterna laminae termina- 
lis; F. cisterna ambiens; G. cisterna venae magnae 
cerebri; H. central part of choroid fissure (usually 
obliterated). Joining E and G is the cisterna corporis 
callosi. Extending backwards over the cerebellum 
from cisterna magna cerebri is the superior cere- 
bellar cistern. (After Graeme Robertson). 


between the two procedures lies with the individ- 

ual radiologist and neurosurgeon, based on his own 
experience and preference. Difficult diagnostic prob- 
lems often require the use of both angiography and 
ventriculography. 

Cerebral angiography can be considered less 
traumatic than ventriculography, although angiography 
has its risks too. The contrast material, particularly 
when used in excessive amounts and in high concentra- 
tion repeatedly within a short time, may cause cere- 
bral damage as indicated by production of convulsions 
and other disabilities. 


Aneurysms are most frequently seen arising 
from basilar portions of the anterial and medial cere- 
bral arteries, and from the anterior communicating 
artery. The diameter of the visualized sac can be as 
small as one millimeter. Angiographic demonstration 
of aneurysms can be as high as 89% (Perrett and 
Bull). Occasionally displacement of the vessel pat- 
tern by a hematoma from a bleeding aneurysm is 
noted with or instead of the aneurysm. 


Arteriovenous malformations, thought to be con- 
genital, can be diagnos iy angiographic ap- 
pearance. Blockage of a vessel by thrombus or by 
arteriosclerosis is also recognizable. Spasm of an 
artery is detected by variation in appearance on re- 
peat injection. Fistulae, such as the one between the 
carotid and the cavernous sinus, are demonstrated by 
very early filling of the veins. 

Information on space occupying lesions is 
another diagnostic use of cerebral angiography. Fa- 
miliarity with the normal course and variations of the 
arteries and veins is required before minor distor- 
tions and displacements can be recognized. The find- 
ings of vessel displacement without other abnormality 
is a non-specific observation for tumors, cysts, 
hematomas, both intracerebral and over the surfaces 
of the brain, and abscesses, all exert pressure on 
adjacent vessels. A large mass will displace the 
ipsilateral anterior cerebral artery across the mid- 
line. (See Fig. 322D). Some of the anterior or me- 
dial cerebral branches may be spread apart or com- 
pressed depending upon the size and position of the 
mass. A well localized tumor may be outlined by the 
sweep of the normal vessels around it. Displacement 
of vessels away from the inner table of the skull, 
leaving a clear, avascular area over the surface of 
the brain indicates the presence of a subdural hema- 
toma, or epidural hematoma. (Carton). Tumors of 
sufficient vascularity, regardless of cell type, may 
be detected by the observation of a localized area of 
abnormal blood vessels. The visualization of the 
peculiar vessels within the neoplasm is referred to 
as “tumor stain” especially when contrast material 
is seen in the tumor vessels at a different time than 
in the surrounding normal vessels. 
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C. Lateral projection D. Anteroposterior projection 


Schematic drawings of normal arteriograms of the 
internal carotid artery. 


1. Internal carotid artery. 2. Ophthalmic artery. 3. Posterior communicating 
artery. 4. Anterior choroidal artery. 5. Anterior cerebral artery. 6. Frontopolar 
artery. 7. Callosomarginal artery. 8. Pericallosal artery. 9. Middle cerebral 
artery. 10. Ascending frontoparietal artery, 11. Posterior parietal artery. 

12. Arigular artery. 13. Posterior temporal artery. 





E. Schematic drawing of a normal vertebral arterio- F. Schematic drawing of normal venogram in lateral 
gram in lateral projection. projection, obtained by carotid injection. Superficial 
1. Vertebral artery. 2. Basilar artery. 3. Poste- veins are shaded more darkly than the sinuses and 

rior cerebral artery. 4. Superior cerebellar artery. deep veins. 
5. Posterior inferior cerebellar artery. 1. Superior sagittal sinus. 2. Inferior sagittal 


Sinus. 3, Transverse sinus. 4. Straight sinus. 
5. Great cerebral vein of Galen, 6. Internal cerebral 
vein, 7. Basal vein of Rosenthal. 8. Frontal ascend- 


(The schematic drawings on this page are ing vein. 9. Rolandic vein of Trolard. 10. Parietal 
used by courtesy of List, Burge and F. ascending vein. 11.:;Communicating temporal vein of 
Hodges, Radiol., 45:1, 1945.) Labbe. 12. Descending temporo-occiptal vein. 


Fig. 322 
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INTERPEDICULATE SPACES 
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does not appear widened on initial viewing of 
the films, tumors of the canal can be diag- 
nosed by this technic of measurement. The 
method is especially useful when clinical and 
laboratory findings are equivocal. 

Normal interpediculate space measurements 
have also been made for the child’s spine, (Simril 
and Thurston). In children below two years, the 
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abrupt increase of interpediculate measurements at 
T 9 or T 10 is not seen. By age 12, the chart of 
measurements assumes the adult appearance. 


MYELOGRAPHY 


Roentgenographic examination of the spinal 
canal after the introduction of contrast material into 
the subarachnoid space is known as myelography. 
Although the clinical course and the neurological ex- 
amination will often accurately locate the cord le- 
sion and give information of its nature, many in- 
stances remain when the diagnosis is in whole or 
part uncertain. Myelography is useful in differenti- 
ating space occupying lesions from degenerative le- 
sions of the cord. Not only can the presence and ex- 
tent of a mass within the canal be demonstrated, but 
the roentgenographic appearance can indicate 
whether the lesion is neoplastic or not, and whether 
more than one lesion is present. Myelography is 
utilized to obtain information not otherwise available 
from other radiographic, clinical, and laboratory ex- 
aminations. The procedure when properly performed 
by physicians skilled in the technic, and skilled in 
the interpretation of the fluoroscopic and film find- 
ings is highly accurate and very fruitful. It is not 
necessary to perform myelography when the diag- 
nosis of a spinal cord lesion can be conclusively 
made by other means nor should myelography be 
performed without careful consideration at any time. 
A risk, though small, is involved. The complications 
are those of the spinal puncture, and a reaction of the 
meninges to the introduction of a foreign substance. 
The procedure is time consuming and both patient 
and physician are exposed to a period of radiation. 

The details of myelographic technic are dis- 
cussed in the Manual of Roentgen Technic, but a few 
comments are appropriate in relation to the purposes 


of myelography. The examination is a combination of 
fluoroscopy, in which the radiologist observes the 
dynamics of the flow of contrast material in the sub- 
arachnoid space, and radiography, in which the radi- 
ologist makes films of the column of opaque material 
in several projections at different levels of the spine. 
The contrast material is either of greater or lesser 
radiopacity than the surrounding bone and soft tissues. 
Pantopaque and Diodrast are of the first type, air the 
second. 

The choice of contrast agent and the amount 
used depends in part upon the nature and location of 
the lesion suspected. The contrast material is intro- 
duced by spinal puncture needles under aseptic condi- 
tions. For most examinations, the needle is inserted 
in a lumbar interspace. More rarely, the cisterna 
magna is selected. Pantopaque is considered the best 
all purpose agent. It demonstrates lesions well by 
the excellent radiopacity of its column. Six to nine 
cc. is the amount usually injected, but for cervical 
and foramen magnum lesions, more contrast material 
to fill better a longer length of canal is recommended. 
Some advocate large amounts, 12 to 30 cc. for rou- 
tine use, the technic being termed “full column.” The 
actual examination is accomplished by appropriate 
tilting of the fluoroscopic table, causing the opaque 
liquid which is heavier than spinal fluid to flow in the 
spinal canal. With the patient tilted head down, the 
Pantopaque flows toward the head. With the patient 
tilted feet down, the material runs toward the caudal 
sac. Any hindrance, partial or complete, to the flow, 
any filling defect is noted, and films are exposed to 


: record the findings. ‘The procedure is concluded by 
positioning of the column of opaque. material under 
. the tip of the needle. . Although: Par 





aspirate as much as practicable to minimize the — 
_ possibility of the retained material giving a dow ” 


oe grade arachnolditis. * a 
-Myelography with water soluble: organic: fodtae | 
(Diodrast) mist be carried out under anesthesia ‘he- [~~ 
cause of the pain and irritation produced when these f - 
solutions gre Injected. These substances seed. oe be my te re 3% 


h removed, because they are absorbed. Since moat 
. padiologists feel that they give nO ‘radiological ade 
: VARAES they are Httle used. 


: ALF myéjography has. fallen into disuse vecauae | Es Mee Eh 
7 Pantopaque. myelography 80. much better: denianatya~ SEER ON asthe | AP RGF Tag a eS z= 

. “Big. 3y38, ‘exiewanadaua ey idtsadaeet tamer of cord 

a ap _ Broduces 3 = sternly Hare sca bet Aang: abieRE 


A aloe 


Pa Air, ‘as a contest. agent ig considered satisfactory — 
because it is not irritating, and is readily sbanreds 
_,. Myelography has its greatest use in the diag-— 

-ndsie of spinal cord turnors and. herniated. lnterverte- 


bral disca, twe of the most frequent canal lesions. — a 


Even where neurological signs give unmistakable 


evidence of a tumor it is important to determine the . 


extent of the lesion before surgical exploration. 


level of the tumor is demonstrated ‘by. lumbar intro- oe 


duction of the contrast material. ‘The upper devel. is: 
revealed by: claterna. pat dntrodneficn a the: 
| opaawe material. GES 


intradur ‘and & dural. The: intradural ‘tumors 3 
are intramedallary or extramedaliary 

An intramedullary tumor widens” the. card inca 
ly an a fusifortn manner. The margina of the filling 
defect in the column of opaque material: are india--- 





mors within the dora ‘bat arising outside of the card 
itself have. distinct, sha 





Pantopaque flows. Viewing the colutan of opaque — 


wanterial ts, Severe Projections will Aaligate Bhat the a 





Figs 323A. “Siamenaaey core ‘terbot produces 
widening ‘ob therord in’a fusiform qnanner. 
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‘absorbed from the subarachnoid spate, it is best ta } : 
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‘Herniated intervertebral discs. gecur at the L-5,- 





pt ee 


of radiopaque eeaterial due to inaerting thee needle, Bee eon 
such as extra-arachmid bleeding | ox presaure. ee 3 
| by the needie itself, will not. be confused with a pre- ~~. 
-- existing pathological process. Hf the suspected - Aeslon Sp 
-) {a in the opper lumbar spine or in the thoracic or- 
‘eervical region, the spinal puneture {a made in the 


lowermost lumbar spine, for there it is easiest to 
remove the opaque. gees when the examination is 


concluded. — Ss S 

: ‘Normally six cc. of Pantopaque fills the Jumbo- eS 

: aaicrel portion of the subarachnoid. apace trom the 
“L-4 ta 8-2 with the patient in the upright position. — 

. From many roentgenograms,: a composite dagean = 

. Bhowing the location and course of the various SEO. 5 


nerves hag been constructed by Hampton: and 


| Robinson (Fig. 923C). 


‘The espinal nerves take origin from the anne 
several segments. shove their vertebral level. They 


~§- the . taterapaces: “Most often. . For in- 
| entation of the ‘Spinal canal in which a herniated 
| disc is suspected, ‘the contrast material. should be in- 
| troduced into the canal through a. pancture needle one | 


tinct, rather than sharply defined, Fig. ‘BERAL Tue. cor: more Spaces. remaved from the location of the Bus-- : 


-eurse downward with the cord and. emerge about ap- : 
posite the intervertebral space of the vertebra below, 
| extending gbliquely: downward and, patward beneath Bee 


ee A eae (a inside the dura, and that the Dastopanne ae SG 

‘| uinn is not indented from ‘without by:an extradural le~ 

Bion, although from. certain projections the. two types. S : 

4 BE fesions may resemble each other, The RAE ant 

| of the opaque column nan frequently indirate the ae 

- | of tumor, whether or not. the timor: obsiructs the a 
canal, but exceptions occur and the. findings may- Tot 

be typical. Extradoral tumors and herniated discs 

4 may resemble each other, - ‘Herniated discs, except. 

+ -for those in the cervical spine, nceur almost ‘extlons 

: ce -} sively in the lower Jambar, ae Suaore ocr: a 

Se ED Sane, ot spine the: spine. 2 Se Se oe ae & ag. 

- Pumore of the cand | are . of two enscat typen Pgs See 


es outer: margin. of the: ‘vertebral ‘body. The opaque ma me : | 
_ terlat to a degree extends down the nerve root: eae 
Ee “and. eee the amell ey BRERHEA SNe: | 


Mh 









rece “large, peemiess® 
ay Complete “block” 
“Fare except at the. fitth lumbar. verter 
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ig shown in Fig. 828 Jva. The air study outlining: a 


tention of some Pantopaque tn the basal cysterns, 
ought to be dangerous, is. no, eee apa ‘si 


 eygts ACh 
from the subarachnoid ‘Space. which fill with’ ey mh : 
bof the Spine in which there is divisian of the: sore 
multiple: and grange up toa centimeter ia Sime. Ye.” ee “1 associated: wath: widersnip of the spinal canal: Pon Wir: 
; ually, occurring. in the: sacral: roots, although they. 4 et 
TB Revelop | in, the’ Foot. ot nye apinal nerve, they 600 ob (mrisiy 
mex produce symptoms which: eles ely simulate. those: : ranal and’ the: ‘cord ségittally, On roentgenayramé o ab 
3 Ake apie. Sbnorniat yertahrar’ and» widened tatak - 
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Fig, 23H eee : : ao Fig. re 


"Estimates of ‘90%. or ‘more af ae rack iced 


bi this method have been made (Camp and’ Chamber-. SE: 


lain), Sources of error are several. A buiging. disc.” 
may give typical symptoms, but when, myelography is 
perfor med following a period of bedrest or traction, — 


it may have receded and not be demonstrable: . . ‘Herni- | | | 


vation of a dis¢ to the side of a narrow subarachnoid 
sac may tot be recognizable. Likewise, meningoesies | 
and tumors: within the sacral canal & eS 
‘porte i below the termination. of the x 





















fs 18 agiblet tos 
injure’ the cord in the Cervical sien he Jacote flexion 
without fracture of the spine . Thickening: ot the 
ligamentum flavum can be demonstrated from. this 
cause, Under such conditions ‘Symptoms. of hernia~ 
tion may be present without demonsti ston at ae 
herniated disc. = 3% 
“Lesions of the uppermost cervical gpine aaa 
| the region of the foramen magnunl present special — 








diagnostic difficulties, ‘For tis portion of the Ren 


tral nervous system, air myelography. has: vahne’ | i 
(Greenwald}.. The normal. appearance of the dipper 
cervical cord and the cisterna magna filled with air. 


timor of the foramen. magnum is shown in- Pigs: 


323 d+. Syringomyelia ts: indicated. by a thin col S oy 





| tapsed. card, 

‘ea “Pantopaque. myelography can ‘alan be aad ta 

| demonstrate tumoré and herniation of the cerebellas | 
fonsils,: provided thers 4s ‘special care taken in: posi: 
tion of the head and neck, (Malis). Entrance and re 


> formerly the 
fa sidered. to be a significant hazard. 2 











“oysie 0 the ‘Spinal ‘aepstranee: | Beriiearay”: 
(Fig. 3238}. These are cyst-like Scopes: 





material gee myelography. | “They: Tay be Bingle or: 








vot: herniated digo. If the ey is. HOt. an. gommunica- > 


Ba with the Subarachnoid, ‘Spaee a perors frequen! Ae 
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1 gies 3237. aha ‘Air cated of upper Sen stat Zor and: 
{ sisterns eaten! noernel. By Tumor At: fasmarnen: 3 ig ee 








oe i value. eeteaaupat ‘piehtaghes: cates may hes ‘can, mS 
1 génttely ‘they ‘occdr af any fevel in the spine bat ars. 








| prone to ofeur in the tharacic region. 
cause partial or -consplete black of the canal, theg: 

fe  Cannat. be. differentiated toentgetiologica fiy, from. per | 
} Space occupying jesions, except when théveyst fis 
. : : o with. contrast material ‘On myelouraphy, “Pressure | : Fag 
#tosion of: the. ‘bone 4s Sreas nie ity Beko ne Seer Sec 
| ue Renee. ae By ORK Wnts aT Ny ele Vege ne ni fi \ ‘ 
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Shae 


Dina lena tani ealix {Fig: 42 3M), i ts. an. anomaly 


portant | feature is a vony or cartilagencus: septa: 


; Tram: ne oF were vertebrae, Siwiding the ~ 





ti ty Me 


ean ba seen: [f the septum cannot be seen on routine 





| omnia by. intlemmatory tissue: involving’ ‘he: : Ape, 
 arachnaid,. Free movement of ‘Spinal fluid: ast Pres a sh 
vented, The myelageam shows an irregularirag- 
} mented colonin ot contrast material, which does not fs ae Ns 
Vomove treely,. Operative ivening. of the space and the os) 
Ms | sdanniat ration. af cartigone bave shown. some Pent: =f 

* UN) Hint feanite a. (Seaman; Waodl).- Sa PUA Sec 
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Fig. 325M. Diastematomyelia, an anomaly of the - 


"spine in Which there js widewing of the cand], divi< | 
—S10n of the nord sagite tly end a midline spar, 


fixing the two portions atthe cord. 000 0s 
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_ -'| necessary for diagnosis. The midline septum fixes 
> 4 the cord in an abnormally low positian, prevention — 
| normal ascent of the cord during growth. Symptatis 

_ | are: mainly encountered in the young, tapidiy growing. 


| diagnosis and relieve the abnormal fixation sacgical 






| deed by extravasation ef the contrast mediism: into 

| [dive rtcilum-like pouches bieyood the level of the. _ 

| and duys) membranes ofthe nerves: Surgical repair 9 
_{ iw the face of such severe injury is impossibte (Rayle). 
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| Fig, 3230, “Aractnoiditis, Adhesions and inflanimal (900 
. fp fory tissue are present in the subarachneid-space 0 )\) 0 (2) 
‘i | On nryelography, there is fragmentation of the can 

> Fig. 329K. Perineurial cysts of spinal membranes fo eg Wit Fa ee ne 
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| () Biavography (Pig. 3299) consists inthe cadie 
‘| Opra phic @humination of the intervertebral disc by ~~ 
“| tojeching opaque yalution inte the disc Substance. 9 A. 
| (See Manual of Technic), Fora normal disc OS to = 
| EGer of Dicdtag: 35% will wally be | Bee 
| factory fo specify M.A ruptured or degenerated dise 0 
of} may require 2 te 5 ce, The normal nuciaus pulposus © 
fois contained ice homegénous rooypartrient, centrally |. 
ood is indicated By protrusin ofthe apaciGed disc ’ beyend Rea 
Myelography demonstrates the spur atparating and Aste , 


ually be found satis-" 0-2) 






} the usyal confines, (Figures band ¢. 3¢3N). 0 










schrnorl's nodes ave seen to corresprid dirtilly with. 
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‘| Cheraanoud: ét the tae through Oe ysastidgeneds: and. 
Bay, ‘playes of the vertebra. is 


While discography ix eaee in. 5 depicting | thie = 
aac and: extent at disc: pathology, qt is a paatat 
procedure: and ‘some ‘surgeons do not. Approve. of the” 
procedure | in view ef possible damage. to the disc 
atructures by insertion of the needle and injection. pt 


the contrast solution, ; The’ best ise ‘of. discography. 


seems ‘to be tn Cases. where the. clinical Sxamination. ; 


and may SlOTapBY. stilt jeave ee PeTReOUN yt in doubh: 
Sieh : RE UST RON i ae ee 


“3 Ag ag3M;: ‘WN scisata hel 5: +e gxastinatinn oF F ihe disea” ES 


by injecting. Shem with contrast solution directly. Peta ey 


a} Morenal Gigs, well canfined. by Herniation- TBs” = rN 


vertebral bady. c) Heeniation bopiesioty 





"SPECIAL EXAMINATION OF THE ABDOMINAL ORGANS 


ate ‘the: fact 


. dominal:: 


Founding 


é “readily to 






» duction. of 
artificial 
preumio= re 
iepiemenan. 


| ey a ae ~ by the ine}: 
trodiction at air or other gas inte the abdominal ravi- | 


Owing 
; nat the ab 


. viscera. are |. ; 
OF BO. wear = Ne “ence; uae: 
| Mente of the various abdominal organs {Steinand 

| Stewart} (Fig. 924). A kidney may have been removed — 


their sure 


cc TOenen Bg 
tay, exami- Ss 
pation. - Ins. = 





SBE PY toe PNEUMOPERITONEUM* 


ty provides = Snediuan ¢ of idan denatts: surrounding. 

| the abdominal viscera which renders then clearly. 

cal Peet Bee: technique in “Manual of Roentgenologi- es 
See ae ectniyt. =: 
Sa This. method ie usetui for determining the pres~ 


we? jo. 





tidn, size, and outline, mobility and attach- _ 





or destroyed by. disease: by this method its presence. 


or absence can be established. ‘Malposition of the kid- 
“ometia, they 
do not lend 


ney, épleen, of other abdominal organs canbe detected. 


4 The: relative. size can be estimated and the outline oe 
is themselves: “the: ergans noted. The outiine alone may betray the 

| character of the disease; in carcinoma of the Hver, 

| large nodular growths can be seen studding the sors 
“Jace of the organ, ‘Normally. the liver, ‘spleen, and one 
} gans with mesenteric attachments showa wide range 
od: mobility; any restriction in mobility. can be readily — 
“| observed. Exataination with the patient lying onthe — 

| left side, right side uppermost, causes the liver total 


| far over toward the midline leaving aclear unobetruct- : 
e@ view of the right kidney (Fig. 325A}. When viewed ” 


es wi. Tog mA ES ona ptreicher on his eae side’ | 





Figs 325A. ee Sard 
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Fig. 327 


(right lateral decubitus), 0 the aplsen and left ies 
become visible as well as the peritoneal aiakhiese 


of the splenic flexure and descending eolen (Fig. ae 
This is the only means by which adhesions belwoen the: 


anterior abdominal wall and underlying viscera can. be. 
demonstrated (Fig. 326); the patient [ies on his back — 


ona stretcher and examination 1 made with the frana- 
| abdominal projection of the ray. 


The attachments of pidoininad: masses may be 


- wisualized and their origin determined, One of the 


most useful phases of this method of examination is” 
the determination of the retroperitoneal character a 
SS e-mass: (Fig. $27). With the abdomen: previously — 

a somewhat overinflated with alc, the patient is rolled 





3 e ever, face downward cs a hospital, cart. Lying in. this. 
position, supported on two blocks, one wider the. chest. 


“and the other under the thighs, allowing the absomen: 
to sag freely between these two supports, a jateral= 





r condition in which pheumopéritoneum. 


HES “ eeamination ts ol value is in detection of bapip ee ee “ i 
matic pathology. (Fig. $28). In subdlaphragmatic abe ET ESS ooh pa 


 -seess the shadow of the. underlying viscera blends 


att: the disphragm making visualization of an shaceie eR 


in the subphrenic space impossible unless there hap- - 
pens to be a small collection of gas associated with 


the abscess. A small amount: of bat spiectet into the, 3 
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Pig. 328 


ae abdothinal: ii carity will rise to the top beneath the domme 
_Of the diaphragm and disclose any pathology present: : 
“Such emaif quantities of air have no tendency to inter- SE 
-fere with the most delicate inflammatory adhesions 


and we have never seen any évidence of spread of. i ZS a 


fection,’ ‘Subdlaphragmatic : abscess cannot be. detinitaly ” 
: demonstrated in any -otber way. The patiest: must be ~ 
-} rolled well over toward the abdomen to avoid: iiss 
42 collection of pus far toward the back hetween, She 

eh liver and the diaphitagm. 





“Examination of the female ipelvic: organs i 


3 Pheumoperitoneunt has met with considerable suc- 
_ céas (Jacho},. ; 
ovaries ean. he visualized and their relationship can 
1 be noted, Tumors of the various organs can be de- — 
tected and their atze and location determined, ae 
4 pregnancy can, under favorable conditions; ‘be. BAS 
1 ose tae from the eee which Coe Une uterus, 
‘transabdominal roentgen-ray examination is made.* = a Bt | 
In this position the air rises to envelop the ‘retros =" se eer" 
peritoneal structures, the abdominal wall sage for- oa ; 
ward, the stomach, intestines and ai} organs with © =. [. <> 
~ mesenteric attachment fall forward producing a pres Re 
vertebral clear space, The kidney is overshadowed: f° 
py the ‘getvoper itoneal structures: and may not be de~ }-. © ie 
tectible unless it is the site of tamor formation or is. { .. . 
enlarged frow other causes. If a masa is retropert- [9 / 
toneal in. ‘Origio. its: attachments eat be visualized din f= 
é rectly by this: ‘method and it can be. seen eee ie 
nthe: prevertebral clear space.« = SAE 


(Fig. 329). The uterus, tubes and 
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biological tests give more trustworthy information 
with regard to very early pregnancy, however. For 
demonstration of the blood supply of the female 
pelvic organs see “ Anteriography of the Uterine 
Artery,” Ingmar Fernstrom, Acta. Radiol. Suppl. 
122; 1955. 


CONTRAST VISUALIZATION OF THE LIVER 
AND SPLEEN PARENCHYMA can be accomplished 
by the intravenous injection of colloidal thorium 
dioxide (Thorotrast). Opacification of the liver and 
spleen results from uptake of the opaque colloidal 
particles by the reticulo-endothelial cells with their 
capacity to phagocytize. Since nodules of tumor or 
large inflammatory masses do not have the capacity 
to engulf the particles they appear as clear areas 
against the opaque normal tissue. Thorotrast has 
two disadvantages. It is very long retained in the 
tissue, and it is weakly radioactive. For these 
reasons it is not considered safe for use, except 
when life expactancy is not great, as in the older age 
patient with suspected liver metastases. 


RETROPERITONEAL PNEUMOGRA PHY is a 
procedure of value in diagnosing lesions of the 
adrenal glands and the perirenal tissues. Introduc- 
tion of gas into the retroperitoneal space is by the 
presacral or translumbar routes. Although the lum- 
bar technic was used initially, it has been largely 
supplanted by the safer, more consistent sacral 
method. (See Manual of Roentgen Technique.) By 
either method the outline of the kidneys, adrenals, 
and the psoas muscles can be visualized with great 
clarity of detail compared to routine films. The size 
and shape of the adrenal gland can most accurately 
be demonstrated, making possible the diagnosis of 
cortical tumor or diffuse hyperplasia, as occurring 
in Cushing’s syndrome, or tumor of the medulla, 
namely pheochromocytoma. Body section radiogra- 
phy (stratigraphy, tomography) has been found useful 
in conjunction with retroperitoneal pneumography. 


Changes in size and contour of the kidneys are simi- 
larly detectable but because of good visualization of 
renal structure afforded by intravenous and retro- 
grade pyelography, these safer, more routine exami- 
nations are depended upon in preference to pneumogra- 
phy. 


PERIRENAL INSUFFLATION*; (PRESACRAL 
PNEUMATOGRAPHY). Perirenal insufflation is 
carried out by insertion of a long needle into the 
perirenal connective tissue spaces and insufflating 
air, The introduction of air (or other gas) into the 
retroperitoneal tissues is more safely accomplished 
by presacral injection, (Joelson, et al.). By either 
method (see “Manual of Roentgenological Technique” 
for details) the outline of the kidneys, adrenals, and 
psoas muscles can be visualized with clearness of 
detail. The size and shape of the adrenal gland can 
most accurately be demonstrated by this technic. 
Changes in size and contour of the kidneys are simi- 
larly detectable, but because of the good visualiza- 
tion of renal structures afforded by intravenous and 
retrograde pyelography, one need not be so dependent 
on this technic as for visualization of the adrenals. 
Presence of a pheochromocytoma of the adrenal me- 
dulla, a tumor which simulates essential hypertension 
to some degree because of its paroxysmal release of 
ephinephrines into the circulation, may be confirmed 
by retroperitoneal pneumography. 

Adrenal tumors are occasionally detected by 
calcification in the adrenal area. Speckled and poor- 
ly defined calcification may be seen in neuroblast- 
omas; calcification is heavy and irregular in adeno- 
carcinoma, (Samuel). 

For maximum precision in routine stratigraphy 
the exposure time must be brief in the order of 1/10 
second. Axial transverse stratigraphy may be of 
value to the surgeon in localizing pulmonary lesions 
such as cavities, tumors, etc. It has been found very 
useful in interpretation of retroperitoneal air insuf- 
flation, (perirenal insufflation) especially for renal 
and pancreatic examination, (Vallebonna). 
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AORTOGRAPHY 


To render the abdominal aorta and its branches 
opaque to x-rays, contrast material (Hypaque, Dio- 
drast, Urokon) is injected into the upper portion of 
this vessel. Lumbar aortography involves the injec- 
tion of the contrast solution through a long needle in- 
troduced percutaneously in the upper left bank. To 
secure sufficient opacity of the vessels, the contrast 
solution is injected rapidly so that dilution is mini- 
mized. The timing and number of films then exposed 
depends upon the problem under consideration and 
the type of equipment preferred. (See Manual of 
Roentgen Technic.) If satisfactory injection is made, 
the abdominal aorta and all of its branches should be 
well visualized, provided the injection is begun high 
enough (Fig. 330A; 4%. Aortography has several pur- 
poses, 1) To visualize the kidney circulation to 
search for vascular abnormalities, and to differen- 
tiate lesions of the renal parenchyma,* 2) To visual- 
ize the aorta and its branches supplying the lower 
extremities for determination of intrinsic vascular 
disease,* and 3) to visualize abdominal branches for 
various reasons. 


Aortography in Kidney Disease. To opacify the 
kidney circulation is useful in differentiating kidney 
cysts from tumors (Fig. 330B;*). Radiographic infor- 
mation is obtained both from the opacification of the 
larger and middle sized renal vessels, the arcuate and 
interlobular arteries, and from opacification of the 
kidney parenchyma, the so-called “nephrogram.” This 





Fig. 330A 


nephrographic effect is due to filling of the fine ar- 
teries, capillaries, and veins, and to tubular accumu- 
lation and excretion of the contrast substance into the 
lumen of the tubules, (Edling and Helander). Cysts 
are relatively avascular with vessels around the 
periphery. Neoplasms are vascular and tumor ves- 
sels are demonstrable. Within the tumor, the ab- 
normal vesselseare described as showing laking, or 
puddling,* and the vessels are of irregular caliber. 
When necrosis occurs within the tumor, vascularity 
is diminished, and confusion with cysts is possible. 
Even when tumors do not show any deformity of the 
renal pelvis on pyelography, angiography has shown 
their presence by the vascular pattern (Lofgren). 
Whenever renal parenchyma is destroyed or 
severely embarassed by disease process, renal an- 
giography is of value in demonstrating the circulation 
of the kidney, and estimates potential renal function 
(Evans). When renal parenchyma is destroyed by 
tuberculosis, or other inflammatory process, or by 
chronic, severe hydronephrosis, atrophy or destruc- 
tion of arteries occurs.* By this means it can be 
determined if sufficient healthy renal parenchyma 
remains to be conserved. When the ureter is com- 
pletely obstructed and aortography shows an essen- 
tially normal blood supply, the kidney may be saved. 
Visualization of the renal arteries in a search 
for vessel anomalies is important. Anomalously lo- 
cated kidneys often have a very unusual blood supply. 
When the kidney is in normal position, aberrant ves- 
sels have been known to cause ureteral obstruction at 
the uretero-pelvic junction or the upper ureter.* The 
surgeon desires information pre-operatively on the 
number and normality of the renal vessels so that his 





Fig. 330B. Increased, abnormal vascularity in the 


lower left kidney indicates the presence of a neoplasm. 
A cyst would be relatively avascular. 
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procedure, either radical or conservative, can be 
wisely planned. Aortography affords him this help, 
and takes away much of the uncertainty of his ex- 
ploration, (Evans). It also is of value in ascertaining 
the presence of a normal kidney with normal blood 
supply on the contralateral side if nephrectomy is to 
be performed. 

More recently, aortography and renal angi- 
ography is being used for evaluation of the hyperten- 
sive patient. In some cases, renal artery aneurysm 
(Provet) or renal artery stenosis (Poutasse) have 
been demonstrated, and the hypertension has been al- 
leviated after surgery. Another rare cause of hyper- 
tension is thought to be malformation of the renal 
artery (Isaac et al.). An avascular kidney or a por- 
tion of the kidney having diminished vascularity is 
thought to be a cause of hypertension. The impor- 
tance of minor vascular changes in the kidney which 
could be demonstrated by angiography is yet not fully 
known, and there is some dispute on the matter. As 
technics are improved, and more clinical.informa- 
tion is assembled, the usefulness of angiography 
could be extended. 

Aortography occasionally is used to differen- 
tiate a renal tumor from other tumor of the retro- 
peritoneal area. When an adrenal tumor is highly 
vascular, as the pheochromocytoma is, it is possible 
to diagnose by aortography. 


Aortography in Vessel Disease. Lumbar aor- 
tography has been utilized to show lesions of the ab- 
dominal aorta, the pelvic vessels, and the arteries of 
the lower extremities. Arteriosclerotic aortic 
aneurysms* are characterized by a lateral deviation 
and elevation of the aorta proximal to the aneurysm 
(Eyler). Partial or complete blocks of the aorta, due 
to arteriosclerosis, thrombus, or embolus, are 
readily demonstrated. The Leriche syndrome is giv- 
en to the complex caused by a thrombotic block of 
both iliac arteries and the distal abdominal aorta. In 
this condition, there are symptoms of bilateral 
peripheral vascular disease, bilateral absence of the 
femoral pulsation, hypertension of the upper extrem- 
ities, and difficulties with penile erection. Since this 
complex occurs in relatively young men, its diagnosis 
by aortography is especially important, for surgery 
is of value, and circulation can be restored by graft- 
ing. Obstructing lesions in the iliac, deep and super- 
ficial femoral, and popliteal arteries are also clear- 
ly seen. Irregularity of the column of radiopaque 
solution indicates arteriosclerotic plaques. Serial 
film examination is necessary for complete informa- 
tion. A vessel not filled on an early film may actual- 
ly be patent, and show filling on a later film. Col- 
lateral circulation has been observed to fill a vessel 
below a blocked length. Simultaneous filling of veins 
and arteries indicates the presence of a vascular 
fistula, or the fistula itself can be visualized. Ob- 
structing lesions are thrombi, vascular occlusive 
disease and emboli. 

The decision to investigate the circulation of 
the thigh and leg by lumbar aortography or by 
femoral arteriography depends on clinical assess- 
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ment of the individual problem. If the problem is con- 
sidered more peripheral, femoral arteriography suf- 
fices. In this technic, films are made after the con- 
trast material has been injected through a needle in- 
troduced into the femoral artery at the inguinal liga- 
ment. 

Aortography and arteriography first of all defi- 
nitely establish the presence of a vessel lesion. 
Secondarily, these technics give information as to the 
length of vessel involved, presence or absence of col- 
lateral circulation, nearness of the lesion to other 
important vessels, and presence of other vessel lesions, 
suspected or unsuspected. The surgeon is allowed to 
evaluate better the status of the whole regional circu- 
lation and plan his procedure accordingly, or advise 
against a surgical approach if best. 

Aortography will give information of lesions of 
branches of the abdominal aorta other than the renal 
arteries, such as an aneurysm of the splenic artery. 
Opacification of the liver parenchyma has shown le- 
sions by virtue of their lessened vascularity (Fig. 
330C). The placenta has been visualized by lumbar 
aortography, Harnett (Fig. 330D) but pelvic angiogra- 
phy by retrograde injection of contrast solution from 
the femoral artery is less traumatic and less risky. 
Pelvic angiography to diagnose ectopic pregnancy, 
and tumors of the ovary and uterus has been success- 
ful for some investigators (Fennstrom) but the pro- 
cedure is not widely used as yet. 

Lumbar aortography is not without its disad- 
vantages and complications, (McAfee and Willson). 
Bleeding and hematoma follows puncture of the aorta 
in some instances, and rarely this is fatal. Peri- 
aortic injection of the contrast solution is painful but 
not serious unless a chemical neuritis results. In- 
jection of the entire amount of the contrast material 
into one kidney can result in permanent renal dam- 
age.* Injection of the entire amount into the superior 
mesenteric artery (Fig. 330E) may give bowel dam- 
age, but now that newer contrast materials are avail- 
able, and the di and tri-iodinated organic compounds 
have replaced the older sodium iodide, this complica- 
tion is very unlikely. Intramural injection of the 
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antegrade technic,* in which the contrast material is 


injected into a peripheral vein and allowed to flow in 
the normal direction toward the heart, delineating 
the regional veins. The retrograde technic as ap- 


plied to the lower leg involves the injection into the 
femoral vein to determine incompetency of the valves 
by reversed flow on dependency of the limb. 


SPLENO-(LIENO)-PORTAL VENOGRAPHY 





Fig. 330F. 


Visualization of the portal system for the de- 
tection of portal hypertension may be accomplished 
by percutaneous injection of opaque material into the 
spleen. 


Technique 

The technique utilized by Gvozdanovic and 
Hauptmann is as follows: Under local anaesthesia 
(1% Novocain) the 8th, 9th and 10th interspaces in the 
axillary line on the left side a needle is inserted 
through the chest wall over the spleen; contact with 
the spleen is detected by a scratchy sensation; insert 
2 to 3 cm. farther into the spleen and inject 20 cc. of 
non-irritating opaque material in 2 or 3 seconds, 
(Joduron or other aqueous organic iodine solution). 
Expose up to 4 films in rapid succession using an 
automatic film changer at the rate of 2 films per 
second for 7 to 10 seconds. Use 70-80 K.V., 400 
M.A., 95 cm. distance and 1/10 sec. time. 

Spalteholz describes the normal portal circula- 
tion (Fig. 330G), as follows: 

The portal vein collects blood from the entire 
digestive system and abdominal viscera by union of 
the superior and inferior mesenteric veins, the 
splenic vein and the v. coronaria ventriculi (from 
along the lesser curvature of the stomach where it 
anastomoses at the pylorus with the v. pylorica and 
the cardia with the esophageal veins) where it opens 
into the v. portae or v. lienalis. 

The regular anastomoses of the portal vein with 
the vv. cavae are: 

1. At the cardia of the stomach between the v. 
coronaria ventriculi and the esophageal veins; 
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Fig. 330G. Outline of Portal Circulation. 


2. At the rectum through the hemorrhoidal vessels 
between the v. hemorrhoidalis superior (branch of v. 
inferior mesenteric), and the inferior and medial 
hemorrhoidal veins, which are in turn branches of 
the vv. hypogastric. 

3. Paraumbilical veins forming an anastomosis 
about the umbilicus, the so-called caput meduci, be- 
tween the superficial veins and the vv. epigastric in- 
ferior and extending near the ligamentum teres into 
the liver substance. 

It would seem that from the radiological stand- 
point that the anastomosis of greatest importance 
would be that producing esophageal varices since the 
umbilical anastomosis should be readily recognized 
as the caput meduci characteristic of this region, and 
that produced by hemorrhoidal vessels is so com- 
monly encountered from ordinary increase in pres- 
sure without relationship to portal hypertension. 

Esophageal varices may be readily demonstrable 
by ordinary x-ray examination with barium swallow. 

This method of splenic injection would seem to 
be most useful where operative procedure is con- 
templated for relief of portal hypertension. 

Gvozdanovic and Hauptmann feel that the ques- 
tion of portal hypertension should be separated into 
two groups, certain and probable. 

The first or certain group: Strong reflux into 
tributaries of the lienoportal venous system, develop- 
ment of the collateral circulation through the pre- 
existing anastomosis—including widened paraumbil- 
lical veins, and a marked slowing down of the circu- 
lation in the liver; 

The second or probable group: The probable 
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Fig. 330H. Normal splenic injection: (a) 1.5 sec- 
onds after injection, opaque material fills the splenic 
vein up to the spine; (b) at 3 seconds examination the 
entire course of the v, lienalis, v. portae and its in- 
trahepatic branches is well demonstrated without 
dilatation or indication of collateral reflux into its 
tributaries; (c) at 4 seconds exposure the terminal 
branches of the v. portae are also well demonstrated, 
Catalano, et al, have called attention to the opacifica- 
tion of the liver which is attendant with this method, 
which may be of value in detection of accessory 
lobes, etc, 

Using the Elema film changing apparatus, as 
many as four films per second were exposed during 
the injection by Gvozdanovic and Hauptmann making 
it possible to follow the injection of the opaque mate- 
rial during its entire passage. They stress the im- 
portance of serial film exposure, 

Bergstrand and Ekman discuss the complica- 
tions attendant with this procedure in 3] cases. 

Figures 330G to K redrawn by courtesy of 
authors and publishers Gvozdanovic, V., and 
Hauptmann, E., “Further Experience with Per- 
cutaneous Lieno-Portal Venography,” Acta Radiol., 
43:177, 1955. 


signs embrace widening of the vv. lienalis and portae 
and the marked tortuous course of these veins. 
These signs in themselves are insufficient for a 
diagnosis of portal hypertension but only if combined 
with individual signs of the first group. The scant- 
ness of branches in the liver, although present in 
cirrhosis may be due merely to premature taking of 
film in a slowed down circulation in the liver. In 
cirrhosis of liver the circulation time is increased 
almost double (see Figs. 330G to L). 
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Giuseffi and Largen have devised a method for 
determining the status of anastomosis following 
shunt procedures. For details of this procedure the 
reader is referred to the original article. 

Demonstration of tributary veins of the portal 
system, specifically the coronary vein of the stomach, 
and the inferior mesenteric vein, indicates a reverse 
flow in the portal system, secondary to portal block. 
The actual filling of gastric and esophageal varices 
may be seen (Fig. 330K). Slow disappearance of con- 
trast medium from the portal circulation is another 
indication of portal block. Of great value is the mak- 
ing clear of the portal venous anatomy for the surgeon 
to plan his operative attack on portal hypertension, 
(Bruwer). 
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FEMALE PELVIC ORGANS 


UTERO-SALPINGOGRAPHY (HYSTERO- 
SALPINGOGRAPHY)* 

Intrauterine injection of contrast medium is 
valuable in diagnosis of a wide variety of conditions 
of the female pelvic organs. By a special cannula, 
the opaque material is introduced into the uterine 
cavity and Fallopian tubes, following which films are 
made. Details of the technic of examination are dis- 
cussed fully in the Manual of Roentgenological Tech- 
nique. About 10 cc. of medium is used. It is best to 
make roentgen examination after injection of 2, 3, 
and 5 cc. of material. In the normal, the contrast 
material outlines the uterine cavity, the Fallopian 
tubes, and then spills into the peritoneal cavity. For 
safety, it is advisable to have the injection tube con- 
nected with manometer, so that the pressure can be 
accurately gauged, and not allowed to become exces- 
sive. When gas (oxygen, carbon dioxide, or air) is 
injected into the uterus to determine patency of the 
tubes, x-ray examination of the abdomen with the pa- 
tient in the upright position will disclose free gas 
under the diaphragm. In this way, it is ascertained 
that at least one tube is open (Rubin test). Sufficient 
gas may be introduced in this same manner to per- 
mit examination of the abdominal and pelvic organs 
by the pneumo-peritoneum method, but this technic 
is seldom used. Both artificial pneumo-peritoneum 
and injection of contrast medium into the uterine 
cavity can be used simultaneously for examination of 
the pelvic organs to good advantage. The gas free in 
the abdominal cavity serves to outline the pelvic or- 
gans (see section on artificial pneumoperitoneum) 
and the injected opaque material serves to identify 
the structures outlined by the gas, and to demonstrate 
their inner cavities. 

Contrast materials for intrauterine injection 
are of two types: a) the iodized oily materials, such 
as Lipoidal, Iodochloral, and Ethiodol and b) the 
aqueous solutions of one of the organic iodides. The 
aqueous solutions may have added thickening agents. 
Sinografin, Salpix, Skiodan Acacia, and Medopaque H. 
Both types of materials are satisfactorily opaque. 
The oily materials are slowly absorbed from the 
peritoneum and have been known to produce foreign 
body reactions in the peritoneal cavity and the 
Fallopian tubes. Because of high viscosity, flow 
through the tubes is slow, and spillage into the peri- 
toneal cavity is often not immediate. A late film, 
usually at 24 hours after injection, is then needed to 
demonstrate spillage. Occasionally the oily material 
enters the venous circulation during the injection. 
Under such conditions, droplets of opaque oil are 
dispersed in the lungs and can be recognized there 
radiographically. Rarely oil embolism in hystero- 
salpingography gives a severe adverse reaction. 
Aqueous solutions have the advantage of absorbability. 
If aqueous solutions enter the venous circulation 
there is no risk of embolization. Addition of thicken- 
ing agents such as acacia, dextran, or other organic 
compounds has allowed adjustment of the viscosity 
of these preparations, so that they are suitable for 


injection and fluid enough to fill narrow anatomical 
channels quickly and well. If the Fallopian tubes are 
patent spillage is immediate, and no later films are 
required. 

Hystero-salpingography is useful in the follow- 
ing conditions: 


1. To determine patency of the Fallopian tubes. 
Occlusion of the fimbriated ends of the tubes is a com- 
mon cause of sterility. Injection of contrast medium 
will not only be of diagnostic value, but the procedure 
may be sufficient to open tubes not too firmly closed 
by adhesions. Fig. 331A. 

2. To visualize abnormalities of the tubes, such 
as hydrosalpinx. The appearance will depend in part 
on the type of medium used. With oily material, 
droplets of oil are dispersed within the fluid filled 
dilated tube. Fig. 333. With water soluble material, 
the material is diluted in the fluid already present, 
giving diffuse opacification of the enlarged tube. 

3. To determine the presence of developmental 
anomalies of the uterus (and tubes) such as bicornuate 
uterus, and double uterus. Fig. 331B. Certain 
anomalies may be contributing factors in sterility, or 
inability to complete a normal pregnancy. 

4. The relation of the uterus to other pelvic 
masses or identification of the uterus itself as the 
palpable pelvic mass can be accomplished. Other 
masses will displace the uterus, or cause pressure 
defects on the uterus. Fig. 332A. 

5. To detect lesions of the uterine cavity, such 
as submucous fibroid tumors, or carcinoma. Fig. 
332B illustrates an endometrial carcinoma. Adeno- 
myosis can be diagnosed by the visualization of sinus- 
like tracts penetrating the uterine wall. 

6. In rare instances, hystero-salpingography 
may be useful in the diagnosis of extra-uterine preg- 
nancy. A small uterine cavity showing effects of 
extrinsic pressure upon it by the extrauterine foetus 
is conclusive. Since there is some risk of causing 
abortion by this technic, it should be used only when 
other diagnostic methods have failed. 
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when the head is compressed in the true 
pelvis, so care must be taken in interpreting 
this sign. 

2. Gas in the fetal heart or great vessels, the 
most common and most important, and 
sometimes the only sign according to Holm. 
Without special projections and multiple 
films it may be very difficult to distinguish 


fetal gas from gas in the maternal intestines. 


3. In the normal a radiolucent zone or “halo” 
produced by subcutaneous fat is seen around 
the fetal head. Separation of the halo from 
the bone is called Deuel’s halo sign. It is 
encountered as often as Spalding’s sign. 

4. Disorganization of the fetal bony framework 
due to loss of muscle tone. A collapsed 
thorax, a sharply angulated spine, an exces- 
sively flexed spine, or an asymmetry of the 
skull may be seen. 

5. Failure of the fetal skeleton to enlarge over 
a period of weeks in the later part of preg- 
nancy. 


PELVIMETRY. The relationship and the size 
of the fetal head to the size and shape of the maternal 
pelvic inlet can be accurately measured by one of 
several technics of pelvimetry. (See Manual of 
Roentgenological Technic.) 


PLACENTOGRAPHY finds its greatest use in 
the problem of placenta praevia. By use of soft tis- 
sue technics and compensating wedge filters visuali- 
zation of the placenta is possible in a fair number of 
cases. When the position of the entire placenta can- 
not be definitely outlined in the fundus other technics 
are needed. 


Cystography* to diagnose placenta praevia is 
based upon the relation of the presenting head to the 


bladder. If the distance between the fetal skull and 
the outline of the bladder when it is filled with air or 
opaque media is over three centimeters, a praevia is 
indicated. This technic is useful only in vertex 
presentations, and is not accurate with posterior im- 
plantations of the placenta. 


Gravitational placentography of Reid utilizes 
the fetus as a contrast agent. The fetus, being 
heavier than the liquor amnii, seeks the lowest part 
of the amniotic sac due to gravity. Displacement of 
the fetus from the pelvis and the lower uterine seg- 
ment despite gravity is the basis for diagnosis in 
this simple, non-manipulative technic. Placenta 
praevia can be excluded if the presenting part is 
centrally located in the A-P erect view and within 
two centimeters of both pubis and sacral promontory 
in the lateral erect view. If the presenting part is 
more than two centimeters from the promontory in 
erect lateral view, a further lateral view is obtained 
with the patient in semi-erect position. Failure of 
the presenting part to approach the promontory then 
indicates praevia (Hodge). Fig. 334. 





S 
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Fig. 334. Gravitational Placentography. (A) Erect 
A-P view shows the fetal skull not centrally placed. 
This is suggestive of placenta praevia. Erect lateral 
view (B) shows the skull close to the symphysis but 
4 cm. fromthe sacral promontory. Persistence of 
the displacement from the promontory on semi-erect 
view confirms the diagnosis of praevia. 


Anglography has been resorted to when simpler 
methods fail. See page 498. Amniography, the injec- 
tion of contrast solution through the maternal abdom- 
inal wall and the uterine wall into the amniotic cavity, 
is not advocated. The method is dangerous to fetus 
and mother. 


Placental enlargement is seen in severe erythro- 
blastosis fetalis, more commonly termed fetal hy- 
drops. Other signs of fetal hydrops are obliteration 
of the fetal fat line and an abnormally straightened 
posture of the fetus, with projection of the arms away 
from the trunk. Both of these signs are caused by the 
severe edematous condition of the fetus. Signs of 
fetal death are usually present also (Savignac). A 
large placenta is sometimes seen in premature sep- 
aration of the placenta. Actually the shadow which is 
considered to be enlarged placenta is both placenta 
and blood clot. Placental calcification is often seen 
in varying degree. It is thought not to be of clinical 
significance. 
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Radiography is sometimes of help in determin- | fication occurs within the tumor. The calcification 


ing if a child is stillborn, or whether it has died of uterine fibromyomata (fibroids)* is variable in 
sometime after birth. The stillborn infant will show density and irregular in pattern and size. The calci- 
no air in the lungs, and no gas in the stomach or fication conforms more or less to the shape of the 
bowel. tumor, namely irregularly spherical or ovoid. 

Tumors of the uterus and adnexa when suffi- Ovarian dermoids are diagnosed by the observation of 
ciently large are revealed by their exertion of pres- a tooth-like structure, actually an attempt of the tissue 
sure on the bladder and bowel. Occasionally calci- to form a tooth, within the tumor. 


QUESTIONS ON SPECIAL EXAMINATIONS AND PROCEDURES 
1. Why is x-ray examination of the accessory nasal sinuses possible? 


2. What are the roentgen manifestations of catarrhal, purulent, hyperplastic and atrophic sinusitis and how 
may they be differentiated? 


3. What x-ray manifestation is characteristic of neoplastic involvement of the sinuses? 


4. Describe the roentgen anatomy of the mastoid. What are the characteristics of an infantile mastoid and 
how do they differ from a mastoid of the diploetic type? 


5. What types of mastoid development are recognized and describe their characteristics. 

6. Describe the x-ray appearance of acute, catarrhal, purulent, destructive and sclerotic mastoiditis. 

7, What are the indications of perisinus abscess? Of cholesteotoma? 

8. What is meant by suppuration of the petrous apex? When does it usually occur? How may it be detected? 
9. Describe the anatomical structure of a tooth and its roentgenographic appearance. Name the adult teeth. 


10. With what pathological condition of the teeth is the physician chiefly concerned? Why? Describe the 
manifestations of infection. 


11. Of what value is thorotrast injection; where is the thorium salt deposited and under what conditions is it 
of value? Dangers from radioactivity from large quantities? Use in Ventriculography? 


12. Describe the methods of introduction of air into the ventricles of the brain. Discuss briefly the principle 
involved in this type of examination for intracranial pathology. 


13. What is meant by (a) ventriculography; (b) encephalography? How do they differ and what are their re- 
spective values in diagnosis of intracranial lesions? 


14. Show by diagram the normal markings of the ventricular system of the brain. 
15. What is meant by subarachnoid pathways and of what significance is their obliteration? 
16. How may the presence of a calcified pineal gland be utilized in the detection of an intracranial tumor? 


17. What other roentgenographic findings are present in: (1) Increased intracranial pressure? (2) Tumor of 
the pituitary? (3) Tumor elsewhere in the cranial cavity? (4) Suprasellar cysts? 


18. Of what significance are calcified intracranial deposits? 


19. What are the x-ray characteristics of meningiomata and where do they most frequently occur? How does 
it differ roentgenographically from hyperostosis internus cranialis? 
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20. What is meant by cerebral angiography and how is it carried out? In what condition is it of value? 
Danger? 


21. How may the interpretation of cerebral angiograms be examined to the best advantage? Is this of im- 
portance ? 


22. Describe briefly the method used in detection of a tumor of the spinal cord and determination of its 
location. 


23. Describe briefly the technique of producing artificial pneumoperitoneum and discuss the principle of its 
use in association with the x-ray examination of the abdominal viscera. 


24. In what particular type of cases is pneumoperitoneum examination of greatest value? 


25. How may pneumoperitoneum be produced in the female without abdominal puncture? Advantages? 
Dangers ? 


26. What is aortography and how is it carried out? What are the dangers of the procedure? 

27. Of what value is aortography in abdominal diagnosis? Kidney diagnosis? 

28. Of what value is the intrauterine injection of contrast media? 

29. What is meant by amniography and in what particular condition is it of value? Dangers? 

30. How may placenta praevia be detected? Is it a safe procedure? 

31. Of what value is roentgenographic examination in pregnancy? How early may pregnancy be detected? 


32. What roentgen signs are indication of fetal death in utero? 
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Chapter XXV 


RADIATION THERAPY 


It is obviously impossible in such a short com- 
munication to present more than the essential facts 
concerning radiation therapy. Technical details of 
application and dosage are beyond the province of 
this article and will not be attempted. Radiation 
therapy has become so extensively employed as a 
means of combating malignant disease however that 
a knowledge of the fundamental principles governing 
its use have become essential to all practitioners. 
It will be considered under the following headings: 

1. The nature and method of application of ra-. 

diation therapy. 

2. The effect of radiation on living tissues. 

3. Results which can be expected from this 

method of treatment. 


THE NATURE AND METHOD OF APPLICATION 
OF RADIATION THERAPY 


While the term radiation therapy, strictly 
speaking, includes all types of radiation, common 
usage has restricted its meaning to the use of the 
penetrating types of radiation, x-rays and the gamma 
rays of radium. These two agents are similar in 
character and should always be used to supplement 
each other; both are forms of radiant energy which 
will penetrate solid substances. 


X-RAY THERAPY. High voltage x-rays, al- 
though not as penetrating as gamma rays of radium, 
may be generated in great quantities; gamma rays 
being of much shorter wave length are more pene- 
trating in character but are very small in quantity. 
By and large, therefore, it may be assumed that deep 
x-ray therapy is most efficient in delivering a great- 
er quantity of radiant energy into a tumor in the 
depth, whereas, radium may be very effectively used 
to produce an intense local dosage for an isolated 
surface lesion. 

~ The student is not concerned with the technical 
details of x-ray dosage, suffice it to say that long usage 
has proven that for all practical purposes x-rays 
generated at 200 K. V., using suitable filter and 
other factors, have proved most satisfactory for deep 
x-ray therapy and are universally used. The novice 
might expect that x-rays generated at higher volt- 
ages, 400 K. V., 600 K. V., or even 1.000.000 volts, 
might be proportionately “better” for the treatment 
of malignant disease, but this is not the case. 
X-Rays generated at these higher voltages not only 
fail to produce more than slight increase in dosage 
at 10 cm. depth over those generated by 200 K.V. 
but also introduce other adverse factors which tend 
to offset any advantage this may afford. After all, 
the cure of cancer is not to be found in any such 
small increase in depth dose such as 10 or 15% or 
even in dosage increases many times as high. Two 
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hundred thousand volt x-rays have proved most ef- 
ficient by a long period of experience. Great things 
have been accomplished by this means both for pallia- 
tion as well as for cure of malignant tumors. 

In order to formulate an orderly method of 
procedure, some method of measurement of the 
“strength” of the x-ray beam had to be devised. 
This was done by utilizing the ionization effect of 
X-rays upon gases. Further, it was found that the 
ionization effect upon the air closely paralleled, if it 
was not identical with,the biological effect upon the 
body tissues so that this method was found to be 
especially well suited to this purpose and became the 
means adopted by the U. S. Bureau of Standards and 
other standardization bodies throughout the world. 

The unit of measurement is called the “roent- 
gen” or “r-unit” in honor of Wm. Roentgen, the dis- 
coverer of x-rays. An international “roentgen” 
(unit of radiation) as revised by the Fifth Interna- 
tional Congress of Radiology may be defined as fol- 
lows: The roentgen shall be the quantity of x or 
Gamma Radiation such that the associated corpuscu- 
lar emission per 0.001293 gram of air produces, in 
air, ions carrying 1. E.S.U., (Elecrostatic Unit), of 
quantity of electricity of “either” sign. This permits 
the application of the “r” unit to gamma as well as 
x-rays. This definition sounds very complicated but 
need not be remembered except by physicists en- 
gaged in checking instruments used in measuring 
x-radiation. One does not attempt to remember the 
origin of the standard measurements of a “foot” or 
a “meter” and yet these units of measurement are 
in continuous use. The r-unit however has one vital 
difference; its actual value varies with every wave 
length. The biological effect produced by an “r” unit 
of radiation varies widely depending upon the quality 
(wave length and filter) of the x-ray beam producing 
it. In other words, a mere statement of the number 
of “r” delivered to a tumor is meaningless unless 
the quality of the beam is also mentioned. Likewise, 
the number of “r” delivered to a tumor by x-rays of 
differing wave lengths or by the gamma rays of 
radium_cannot be added together as an expression of 
the total biological dosage delivered. One might 
think that this would invalidate the use of such a unit 
for measurement but this is not the case; if a beam 
of the same quality, suitable for the purpose in ques- 
tion, is adhered to throughout the course of treat- 
ment, the dosage can be determined quite accurately 
both on the skin and in the depth. The number of ‘r” 
utilized in the treatment of any patient remains the 
province of the radiologist; it is not a commodity 
which can be directed in an order without a complete 
and detailed description of all other factors. 

We must not suppose that, since we have found. 
an accurate method of measurement and agreed upon 
a standard unit, the problem has become simple. A 
review of the physical properties of x-rays will 
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recall the fact that when x-rays strike other sub- 
stances they cause them to give off secondary radi- 
ations; in the case of the body tissues this radiation 
is of heterogeneous character depending upon the 
nature of the primary beam which gives rise to it. 
One can see therefore that the number of r-units re- 
corded by an ionization chamber placed in the path of 
an x-ray beam in air will vary materially from the 
values obtained if the chamber is in contact with the 
skin, since in the latter case there is not only the ef- 
fect of the primary beam but also the added effect of 
the scattered radiation from the tissues. The r-unit 
measurement therefore must be further qualified as 
to whether the reading was taken in air or with back 
scatter (tissue dose). The picture is still further 
complicated by the fact that the percentage of scat- 
tered radiation occurring in the tissues varies with 
the quality of the beam (kilovoltage and filter), with 
the size of the x-ray field, with the thickness of the 
part treated and with the homogeneity of the tissues 
irradiated. All of these points are cited merely to 
point out to the student the complexity of the prob- 
lems connected with radiation therapy. 

Modern apparatus for administration of deep 
x-ray therapy has been so perfected that the accu- 
racy and constancy of the x-ray beam which it emits 
can be definitely relied upon thus reducing radiation 
therapy to a much more scientific basis. Integrating 
ionization measuring instruments incorporated in the 
machine may be set for the number of r-units de- 
sired. Shock proof tubes and cables make it possible 
to carry out treatments which would be otherwise 
impossible such as intracavity treatments of malig- 
nant tumors of the mouth or throat and cancer of the 
uterine cervix and female pelvis through small 
cones introduced into the cavities directed to the 
area of involvement. 

Apparatus for the generation of x-rays up to 
many million electron volts has been perfected, so 
that their wave lengths approach that of the gamma 
rays of radium, yet their biological effect on cancer 
cells does not show any material advantage over 200 
K. V. x-rays; many factors enter into this which can- 
not be discussed here. 

One type of apparatus, revolutionary in design, 
which holds some promise of a different approach to 
the problem is the Betatron. The principle upon 
which it works is the setting into rapid revolving 
movement of a stream of electrons within the intense 
magnetic field produced by two large, rounded, flat- 
faced, doughnut-shaped electromagnets; the process 
is similar to the current induced within a coil of wire 
when placed in an alternating magnetic field except 
that in this case the electron stream itself com- 
prises the induced circuit. Thus freed from the im- 
pediment of a metallic circuit the electron stream 
gains high velocity as it revolves around and around 
in the magnetic field; as it continues to gain speed it 
approaches the outer edge of the flat-faced magnets 
attaining a speed comparable to that of light. This 
stream of high speed electrons is then permitted to 
strike a thin metallic target and x-rays of shortest 
wave length yet known are produced. X-ray therapy 
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with these rays has not resulted in any spectacular 
advantage. 

In recent years however, means have been de- 
vised for the transmission of the high speed electron 
stream itself, outside of the tube; this has shown 
physical properties which may be described as al- 
most revolutionary in our conception of penetration 
of solid structures and may well be applied to radia- 
tion therapy, (Leucutia). When such a beam of 
electrons is applied to a block of paper for sufficient 
time, several sheets of paper may be charred from 
the effects of the beam at several centimeters depth 
and yet no effect will be noted either on the surface 
or in the tissues beyond the zone of destruction. This 
zone of destruction can be restricted to any desired 
depth, depending upon the degree of acceleration of 
the electron stream. One can conceive how sucha 
beam of high speed electrons might be used in radia- 
tion therapy, provided a tumor mass was closely con- 
stricted to a given area and was not located within or 
near a vital organ (the normal tissues would of course 
be subjected to the destructive effect of the beam as 
well as the tumor mass). Still, some means might be 
perfected of widening the effective zone and of ap- 
plying the electron stream in such a manner that it 
would have a greater differential effect upon the 
tumor cells than on the normal tissue, a condition 
which makes x-ray and radium therapy possible. 


RADIUM THERAPY. The rays emitted by radi- 
um are of essentially the same character as x-rays; 
their method of application is similar and they must 
always be considered as complementary agents. The 
method by which these radiations are produced how- 
ever is somewhat different. 

Radium is a metal; contrary to popular opinion 
it is not radioactive in the sense of giving off rays. 
By the spontaneous emission of an alpha particle (the 
nucleus of a helium atom, bearing 2 positive charges) 
it loses two from its atomic weight and becomes a 
new element, Radon. This element differs in its 
physical properties in that it is a colorless odorless 
gas. Radon in the true sense of the word is likewise 
without radioactivity. With spontaneous emission of 
a positively charged alpha particle radon likewise 
loses two from its atomic weight and changes into 
another new element, Radium A. By the further 
rapid emission of alpha particles Radium A changes 
in succession to Radium B, C, D, E, F-Polomium 
and finally ends up as Uranium-lead. Radium B and 
C, known as Radium Active Deposit, are solids; they 
constitute the potent part of the radium series giving 
off gamma rays which are utilized in radium therapy. 
It will be noted that the immediate degeneration 
product of radium is radon, a gas, which is not 
radioactive in itself but is none the less the parent 
substance of Radium A, B, and C, the active deposit 
of radium which gives off the rays which are utilized 
in radium therapy. Now this gas is so inactive im- 
mediately after it has been withdrawn from the 
radium that it can be handled without danger and 
sealed into small glass or gold tubes for use in 
treatment. These small 2 to 4 mm. long capillary 
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gold tubes are called gold radon “seeds” and are 
used for “planting” deep into tumors so that their 
radiation effect may be expended in intimate contact 
with the growth. 

Since the radon gas is separated from the radi- 
um which gave rise to it, the continuous decay of the 
radon will result in a reduction of its quantity of 
radiation by 1/6 every twenty-four hours until it be- 
comes inert. (See Radium Emanation Plant, Manual 
of Roentgenological Technique. ) 

The amount of radon gas which is found to be 
exactly in equilibrium with 1 milligram (mg) of radi- 
um element is designated as 1 millicurie (mc) (in 
honor of the discoverers of Radium, M. and Mme. 
Curie). 1 mghr. of dosage therefore is exactly equal 
to 1 mchr. 

It has been determined by mathematical calcu- 
lation that each millicurie of radon gas by the time 
it completely disintegrates exposes the surrounding 
tissues to 133 mchrs. of radiation. Such dosage is 
referred to as “millicuries destroyed.” The dosage 
of radiation received by a tumor into which radon 
seeds have been planted would be expressed as num- 
ber of gold radon seeds x the amount in mc. of each 
seed x 133 = number of mc. hours. 

The radiations given off by Radium Active De- 
posit (Radium B and C) are of three types: 

Alpha particles, (positive charges) 

Beta particles, (negative electrons) 

Gamma rays, (true wave motions in the ether) 


Alpha particles have very little penetration; 
ordinarily they will be blocked by a single piece of 


paper and they never have sufficient penetration to 
pass outside of the wall of the glass tube in which 
they are contained so that under ordinary circum- 





stances we do not need to consider them in treatment. 


Beta particles, on the other hand, have much 
greater penetrating power and their effect must al- 
ways be considered in radium therapy. Their effect 
is expanded almost entirely in the first few milli- 
meter of tissue. All beta rays are eliminated by 1/2 
mm. platinum or gold, 1 mm. lead or silver, or 2 
mm. brass. 


Gamma Rays are the most penetrating of all 
radiations, requiring two to three inches of lead for 
complete protection. 

The penetrating power of these various types 
of radiation is: Alpha: Beta: Gamma as 1:100: 
10:000; however the biological effect is in reverse 
proportion, alpha: beta: gamma as 10:000: 100:T. 
“his means that beta particles have a low pene- 
tration but a very caustic effect, whereas gamma 
rays are more penetrating and spread their effect 
over a longer pathway without being so intense in 
any one area. 

It is possible by interposing various metallic 
filters (monel metal, brass, silver, gold, platinum, 
etc.) to produce, by a selective absorption of the 
corpuscular emissions, a beam composed entirely of 
gamma radiations. Most radiation therapy is car- 


ried out at the present time by the use of gamma 
rays only. 

There is one great advantage in the treatment 
with radium, namely, the constancy of its emission; 
the rate of spontaneous change continues regardless 
of any outside influence which is brought to bear; no 
change of temperature or pressure causes any 
variation. It is therefore possible to determine with 
accuracy the number of milligrams of radium pres- 
ent from the amount of ionization which it produces 
in an ionization chamber, regardless of whether it is 
in the form of a salt of radium or is mixed with 
other substances. The radiation coming from a 
milligram of radium is constant therefore, the world 
over, under any circumstances. It is possible there- 
fore to express dosage satisfactorily by designating 
the number of milligrams of radium times the num- 
ber of hours of application in “milligram-hours.” 
When coupled with a detailed description of the meth- 
od of application, filter, distance, length of tube or 
arrangement and size of applicator, this may be con- 
sidered as a satisfactory method of expressing dos- 
age; however it expresses only the dosage applied to 
the part to be treated, it does not give any indication 
of the amount of radiation received by the tumor. 

The adoption of the gamma roentgen (yr) asa 
standard unit of measurement has made it possible 
to formulate a more accurate method of tissue 
dosage. Using 1/2 mm. of platinum as a filter to 
exclude all other gamma rays, at a 1 cm. distance, 
from a theoretical point source it has been found that 
8.4 gamma-ray roentgens are delivered per milli- 
gram-hour. Since it has been determined that a 
Threshold Erythema Dose to the skin (a very faint 
erythematous reaction) is equivalent to 1000 gamma 
r, it is obvious that under such conditions 120 mg. 
hrs. should produce such a reaction. Of course, this 
figure varies with every form and length of appli- 
cator; single radium tube applicators vary for every 
length and position, applicators of varying size and 
construction differ depending upon the size of the 
lesion to be treated and the distance at which it must 
be treated. All of these have been worked out in 
great detail by physicists; Patterson and Parker 
charts have been constructed for this purpose; they 
are based on continuous or divided dose treatments 
over an eight day period. The entire process may be 
very complicated. Since 1000 gamma ray r is 
equivalent to a threshold erythema dose (T. E. D.), if 
it were known how many T. E. D. were necessary to 
kill tumor cells of various types, it would be possi- 
ble to administer radium therapy with greater ac- 
curacy. 


THE EFFECT OF RADIATION ON LIVING 
TISSUES. The effect which radiation has upon living 
tissues may be considered as: 

1. Physical 

2. Chemical 

3. Physiological 

The beam of radiation may be considered as a 
stream of projectiles directed against an army of 
living cancer cells which by their relentless growth 
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are constantly advancing. The relative size of the 
atomic structure of the cellular elements and the 
rays which go to make up the beam of radiation may 
be likened to machine gun fire directed against an 
army in wide open formation; some may be killed 
outright by direct hits, others may escape injury en- 
tirely unless intensive fire is kept up for considera- 
ble time; a great many will be injured but not killed 
outright, some of these may ultimately die, others 
may recover and again march forward. So it is with 
radiation of a malignant growth—many cells may be 
injured so badly that they die almost immediately, 
others may be wounded so that their growth is tem- 
porarily inhibited, but later on they may recover and 
start in growing again producing a recurrence of the 
tumor. 

The physical impact of the quanta of radiation 
upon the afomic structures causes displacement of 
their orbital electrons into other orbits or ejects 
them entirely. If the impact has not been severe and 
the change produced not too radical, immediate re- 
covery may take place by rearrangement of the orbi- 
tal electrons from surrounding structures; if how- 
ever the change produced has become so great that 
recovery of the normal status cannot take place, then 
a permanent charge results in the atom. 


Chemical changes always accompany rear- 
rangement of the atomic structure of the atom. Some 
of these chemical changes wrought in the protein 
substances of the cells are foreign to its normal 
function thus leading to the next phase. 


Physiological action in the presence of such 
foreign chemical material may not be possible so 
that the cell disintegrates and dies finishing the cycle 
of the destructive process. 

Allcellstructure is not affected to the same de- 
gree by radiation but certain cells are more vulnerable 
than others. Adult body tissue cells are more resist- 
ant than those of newly growingtumor cells so that it 
may be possible to destroy the more sensitive tumor 
cells without affecting (beyond recovery) the normal 
body tissue cells in which it lies. It is this differential 
effect of irradiation upon tumor cells makes the 
entire process of radjation therapy possible. 

The administration of sufficient radiation may 
leave definite evidence of the effect of the radiation 
on normal tissue bed in which it lies. This may be in- 
dicated by intense fibrosis of the tissue; in the lung 
this may be evident as fibrosis of the lung tissue, 
pleural thickening and the results of scar tissue con- 
traction, (see Bate and Guttman). 

Almost from the beginning of radiation therapy 
it was realized that, by and large, cells were more 
resistant to the effects of irradiation depending upon 
their degree of differentiation; the higher in the scale 
of differentiation, that is, the more specialized their 
function, the more resistant to radiation they become. 
The ovum and spermatids being fundamentally sex 
cells were found to be most profoundly affected, 
whereas highly differentiated cells like muscle cells 
and glandular structure were more resistant; nerve 
tissue, being the most highly differentiated of all, 
showed greatest resistance. 
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Furthermore, it has also been found that the 
sensitivity of cells varied greatly depending upon the 
phase of their activity; during the stage of cell divi- 
sion all cells are found to be more sensitive to irra- 
diation. The life cycle of tumor cells varies greatly; 
some tumors are slow in their growth, others are 
extremely rapidly growing. It would seem logical 
therefore to time the irradiation so that the greatest 
number of cells would be irradiated during mitosis. 

The life cycle of epidermal cells of the skin is 
relatively long compared to most neoplasms; it is 
possible therefore to deliver to the tumor such in- 
tense irradiation that it cannot survive whereas the 
skin which is less sensitive may be able to recover 
promptly without apparent injury. This is the basis 
for the divided dose therapy formulated by Regaud 
and Coutard, which is universally used today. 

C. Regaud, utilizing the testicle of a ram, 
demonstrated the increased effect of radium exposure 
during the process of cell division and advocated the 
use of small intensities over a longer period of time 
in order to expose more cells during mitosis. On 
microscopic examination it was found that in the case 
of the single massive dose of interstitial radiation, 
the immediate surrounding tissues were necrosed but 
that the spermatids and other primitive cells were 
still viable at a short distance from the radium 
needle, whereas with surface application and divided 
dose method the spermatids were destroyed without 
evidence of necrosis. 

H. Coutard soon followed by extending the di- 
vided dose technique to x-ray therapy. Under this 
plan daily doses of high voltage heavily filtered ra- 
diation were applied for periods of one to four weeks 
or even more. This was done in the early 1930’s; up 
to that time there were relatively few instances of 
malignant neoplasm cured by irradiation; since that 
time the entire field of radiation therapy has been 
lifted to a new level. In certain instances the re- 
sponse of tumor tissue to this method of treatment has 
been almost phenomenal; in others the effects have 
been very disheartening. Success or failure in radia- 
tion therapy depends upon two factors: 1) the sensi- 
tivity of the tumor cell to radiation, and 2) the bed in 
which the tumor lies. 

For instance, a primary tumor of the skin may 
be readily affected by radiation not only because of 
the effect of the radiation on the tumor cells them- 
selves but also because of the effect of radiation on 
the newly-formed blood vessels which nourish the 
tumor in its rapid growth. A metastatic focus from 
the same tumor into the regional lymph nodes re- 
quires many times the amount of radiation to kill the 
tumor cells. This is probably because of the fact that 
in this new location the tumor cells derive their nu- 
trition from the lymph spaces in which they lie, and 
any radiation effect produced must be attributed to 
the direct effect upon the tumor cells themselves. 


RESULTS WHICH CAN BE EXPECTED FROM 
RADIATION THERAPY. The success or failure of 
radiation therapy depends largely upon these two 
factors. The vulnerability of the body tissue cells 
will always remain the limiting factor in radiation 
therapy. Obviously a vital organ cannot be destroyed 
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in an effort to kill the tumor. No matter how “pow- 
erful” an x-ray machine may be, the vulnerability of 
the normal tissues will always limit the amount of 
radiation which can be applied to a tumor. 

Broder has endeavored to grade tumors as 
to the degree of anaplasia of their cellular structure 
as a general rule into grades 1, 2, 3 and 4. Tumors 
of adult cell type (least anaplastic) are designated as 
grade 1, whereas those of embryonal type (most 
anaplastic) are designated as grade 4. Obviously 
this graduation should also express the degree of 
radiosensitivity, since the more anaplastic a tumor 
the greater the degree of radiosensitivity. While 
such an analysis of the cell structure gives valuable 
information as to the cellular composition of a tumor, 
in actual practice it cannot be depended upon to 
furnish a definite index for the response of the tumor 
to radiation. The actual “test of radiation,” or ex- 
posure of the tumor-bearing area to a tolerance dose 
of radiation, (a dose which the normal tissue will 
stand without destruction), and observing the result 
three weeks later, is the only practical means of de- 
termining the sensitivity of the tumor. It will often 
be found that the tumors having relatively little cellu- 
lar structure and large amounts of stroma, which 
would seem to be of the least favorable variety for 
radiation therapy, may show the best response. If 
the tumor shows, by its favorable regression, that it 
is amenable to treatment, radiation should be con- 
tinued to its maximum effect; if on the other hand, 
the tumor does not show satisfactory response to the 
test dosage, then no matter how much further radia- 
tion is applied, favorable response cannot be expected. 
If there is any chance for cure, one is justified in 
subjecting the patient to the most drastic methods, 
but if palliation is all that can be expected, there is 
no point in making the patient more miserable by the 
continuous drastic application of radiation. 


Three types of reaction of tumors to radiation 
may be considered clinically: 

1) Autolytic 

2) Necrotic 

3) Growth restraining 

By autolytic type of reaction is meant the rapid 
regression and resolution of the tumor by autolysis, 
without pain, toxic reaction or other local or consti- 
tutional manifestation. The tumor literally seems to 
melt and disappear; there is no evidence of toxic 
manifestation and the patient feels well. This may be 
considered as the most favorable type of radiation 
reaction as far as the local tumor is concerned; how- 
ever, it does not always prove most favorable for the 
patient, since it often happens that tumors which 
respond locally in this favorable fashion are most apt 
to show early metastases to remote locations. 

A necrotic reaction on the other hand, is one in 
which the radiation reaction must be carried to the 
point of necrosis before the death of the cancer cells 
can be affected; any point short of destruction of 
normal] tissue will still leave viable cancer cells. 
Obviously the normal tissues cannot be carried to any 
such degree of necrotic reaction except where the 
tumor is very small, is readily accessible and is lo- 
cated in a non-yital organ. 
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Between these two extremes of great radio- 
sensitivity and radioresistance are many tumors, 
which although they cannot be totally destroyed, may 
have their growth restrained by repeated sublethal 
doses of radiation applied over a prolonged period. 
By this method the growth of the tumor cells is in- 
hibited long enough to permit the surrounding fibrous 
tissue to proliferate and restrain the growth of the 
tumor. Such a reaction is known as a growth re- 
straining reaction. This form of reacfion, although 
never curative, may prolong the life of the individual 
and relieve his discomfort for many years. 

After all, the success or failure of a procedure 
is determined by the results obtained. The statistics 
quoted concerning the various types of growth are all 
approximate; obviously these vary greatly from dif- 
ferent clinics and depend a great deal upon the extent 
and characteristics of the growth. For this reason 
most clinics determine upon certain factors for dif- 
ferent stages of a growth. 

Consideration of criteria for staging of tumors, 
gleaned from many sources (especially those used 
in the Tumor Clinic of Stanford University School of 
Medicine; Pack and Livingston, Pfahler, League of 
Nations, etc.) and from our own experience, has lead 
us to adapt those which seem particularly applicable 
in each instance for use in the Radiology Depart- 
ments of the St. Louis University School of Medicine 
and Associated Hospitals and the St. Louis City 
Hospital. 

Another factor in the success or failure of 
radiation therapy is the accessibility of the growth. 
Skin cancers because of their location are readily 
accessible, aiding the application of radiation and 
giving almost universally good results. Tumors of 
this sort are of either basal or squamous cell type. 
Basal cell epitheliomata have one characteristic 
which is highly favorable—they do not tend to metas- 
tasize, whereas squamous cell epithelioma tends 
to metastasize early to the regional lymph nodes. 
The primary growth is readily killed by irradiation 
but the metastases in the regional lymph nodes re- 
quire many times the radiation needed to kill the 
primary growth before the cells in this new location 
succumb. It is very important therefore to dis- 
tinguish between basal cell and squamous cell car- 
cinoma. This is especially difficult at times since 
in large skin tumors about the face microscopic 
sections taken at different locations give a con- 
flicting appearance; some resemble basal cell while 
others appear as squamous cell epitheliomas. Under 
such conditions it is better to assume that the growth 
is of the epidermoid or squamous cell type even 
though no metastases are present. As a matter of 
practical observation it may be well to remember 
that if a line is drawn across the side of the face 
from the corner of the mouth to the lobe of the ear, 
approximately 90% of skin tumors of the face oc- 
curring above this line are of basal cell type where- 
as approximately 90% occurring below this line are 
squamous cell epitheliomata. 


In carcinoma of the lip, the primary lesion can 
usually be very readily destroyed by radiation ther- 
apy (x-rays or radium); it matters not how the pri- 
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mary growth is destroyed whether it be by radiation, 
surgery or actual cautery; radiation therapy usually 
produces less scar but the other methods are none 
the less effective. The question which is of grave 
importance is how to take care of the regional lymph 
nodes. There are those who advocate prophylactic 
neck dissection before any glands appear, thus sub- 
jecting a large number of patients (90%) to a useless 
operative procedure since many never develop glan- 
dular metastases atall. Likewise, in a considerable 
number of instances cervical metastases develop 
later even after lymph node dissection has been 
carried out. Others wait for lymph node dissection 
until metastatic glands appear, but when this occurs 
few are ever saved by surgical procedure; recur- 
rence is usually prompt and tragic. Many radiolo- 
gists feel that the patient’s welfare can best be 
served by radiological treatment to the metastatic 
glands if and as they appear. Surface application of 
radiation from the outside is not sufficient in most 
instances to kill metastatic lesions in lymph nodes; 
this usually requires the supplemental use of inter- 
stitial radiation using gold radon seeds implanted 
directly into the metastatic mass. 

In this type of epithelioma statistics show the 
following results: 

Lesions 1 cm. or less, 90%, five year arrests 

Lesions 1 cm. to 2.5 cm. in size without ex- 

tensive infiltration into the deeper struc- 
tures about 50%, five year arrests 

Lesions larger than 2.5 cm. in size with evi- 

dence of infiltration into the deeper struc- 
tures, muscle, cartilage or bone, or with 
metastatic regional lymph node involvement, 
approximately 10 to 20%, five year arrests. 

In other words, as long as a lesion remains 
small, 1 cm. or less in size, without lymph gland 
metastases or extension in other structures, the 
possibility of cure is in the order of 90%; if lymph 
node metastases occurs, at once the possibility of 
cure drops the figure below 20 %, 

Other epithelial tumors in certain locations of 
the head and neck require special consideration. 

Epitheliomas involving the eyelids are prob- 
ably best treated with x-ray therapy with small cones 
to direct and limit the x-ray beam closely to the 
area involved, since the gamma rays of radium if 
given in large amounts may have effect on the eye 
especially on the lens. If radium is used, it may be 
found best to treat with beta radiation since this will 
produce an intense local dose in a short time thereby 
preventing exposure of the eye to prolonged irradia- 
tion with gamma rays. In any event in addition to the 
eye, the eyebrows and lashes should be well protected 
with lead to prevent epilation. 

Epitheliomatous growths in the region of the 
naso-labial fold are notoriously radioresistant and 
require heavy dosage. 

Epitheliomas of the ear even if they involve the 
cartilage may be treated by radiation therapy. We 
have never hesitated to apply full adequate doses of 


radiation even if the cartilage is involved; treatment 
should be made by topical (surface) application how- 
ever not by interstitial implantation of gold radon 
seeds into the cartilage. If a cartilage infection or 
slough should follow, this can best be treated after 
the acute reaction has subsided by administration of 
ultra violet light using a quartz applicator. Attempts 
to clear up infection by using ultra violet applicator 
before radiation therapy should never be carried out 
since this may tend to spread or augment the growth. 
Cystic adenomatous (malignant) growths of the 
skin are notoriously radioresistant and should be 


completely removed by actual cautery. 


Melanoepithelioma (malignant pigmented mole) 
is very resistant to any form of treatment. Wher- 
ever they occur they should be removed completely 
surgically or with actual cautery. (Hillbish, T.F.. 
“Roentgen Manifestations of Malignant Melanoma,” 
Am. J. Roentgenol. 78:769, 1957). 


Epitheliomas of the upper extremity usually 
occur on the bac e hand or extensor surfaces 
of the forearm; they are usually of the squamous 
cell type and frequently metastasize to the supra- 
condylar and axillary lymph nodes. The procedure 
for treatment is the same as for epidermoid epithe- 
lioma elsewhere. 

Epidermoid growths of the lower extremities 
especially occurring on or about the ankle or dorsum 
of the foot are very frequently due to melanoepithe- 
lioma; they should be treated similarly to those else- 
where in the body, by wide surgical extirpation or 
actual cautery. The regional glands, if involved, are 
deeply pigmented,even black in appearance. 

Tumors of the oral cavity are a group in which 
radiation therapy may be of distinct palliative or 
curative value. Malignant tumors occur in the tongue 
and floor of the mouth, alveolar process, tonsil, 
palate and buccal mucous membrane. Of these the 
tongue and floor of the mouth present the vast ma- 
jority of cases. The method of treatment in these 
locations is essentially similar. Intense local irra- 
diation is necessary, using interstitial radiation with 
gold radon seeds or radium element needles im- 
planted directly into the tumor. Any regional lymph 
node metastases are treated like similar metastases 
elsewhere. In the oral cavity such treatment can be 
supplemented by further x-ray therapy using an in- 
tracavity cone to limit the radiation to a small se- 
lected field. Here again the size of the primary le- 
sion, its metastases location and the possibility of 
lymph node are the all important factors in prog- 
noses. Early lesions, 1 cm. or less in size without 
lymph node metastases, 25 to 50% may show 5 year 
arrests whereas as soon as extension occurs into 
lymph nodes this falls to 10% or even less. 

Carcinoma of the pharynx and larynx are best 
treated by external application of x-radiation, by 
Coutard’s divided dose method over a prolonged 
period of weeks. By this method an appreciable per- 
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centage of patients may be cured and palliation can 
be effected in most instances for long periods of 
time. Early cases of carcinoma of the larynx, 
where the growth is confined to a small portion of 
the vocal cords and has not infiltrated the surround- 
ing tissues, are suitable for operative extirpation. 
The difficulty arises in the inability to determine 
whether the growth is still localized. 


Carcinoma of the breast forms a large per- 
centage e malignant growths which present 
themselves for treatment. Most are of the adeno- 
carcinomatous type which is very resistant to radia- 
tion therapy. Carcinoma of the breast therefore is 
primarily a surgical disease. No amount of radiation 
therapy can compare with complete surgical remov- 
al. Many patients however are beyond the surgical 
stage when they first report for treatment. 

The breast is a pendulous structure which can 
be radiated from both sides producing a cross-fire 
effect on the tumor, which is often very effective in 
causing complete resolution of the growth. Meta- 
static lesions in the lymph glands are so much more 
resistan n the primary growth, however, that 
their destruction usually cannot be effected from 
surface radiation; they require the intensive doses 
supplied by gold radon seeds directly implanted into 
the tumor tissue. It is difficult if not impossible to 
do this with any degree of accuracy in a great num- 
ber of widely scattered nodes so that such therapy 
must be considered as palliative only. When adeno- 
carcinoma metastasize to the bony structure how- 
ever it is amazing to observe its radiosensitivity. 
This is one incidence in which the metastatic lesions 
are more sensitive than the primary growth. Rela- 
tively small doses of radiation applied to large 
metastatic areas of bone destruction cause almost 
immediate regression of the tumor and relief of pain 
with filling in of the destroyed area by dense new 
bone formation. Batson has shown how distant 
metastases can occur without passage through the 
heart by venous extension which may explain some of 
these bone lesions. 

It is difficult to formulate a classification of 
breast tumors. The qualifying factors, such as 
movability of breast, fixation of metastatic nodes 
etc., by which various stages are designated is based 
so much on the judgment of the individual examiner 
that uniformity of staging can hardly be expected. 

As a general rule all attempts at staging are 
built upon the following criteria: Stage 1. Small 
growths localized to the breast, freely movable and 
without evidence of axillary metastases, purely op- 
erable lesions; approximately 75% five year surgical 
survivals. Stage 2. Those in which such an operable 
primary lesion is associated with involvement of ax- 
illary nodes, not fixed, still operable; approximately 
25% five year survivals. Stage 3. All cases in which 
the disease has advanced beyond this stage, very 
small (less than 10%) five year survivals. 

It will be noted that with surgical resection 
alone (stage 1 cases) there Is approximately 75 % 


five year survivals. The overall statistics of oper- 
able cases however where there is some axillary 
node involvement show a much lower survival rate, 
in the neighborhood of 25%. These figures vary, de- 
pending upon the relative numbers of localized and 
axillary involved cases in the series. Pfahler has 
shown that by operation only there are 28% average 
alive and well in 5 years; using preoperative irradia- 
tion, operation, plus postoperative irradiation, 57% 
alive and well in five years. This would indicate that 
operable cases with axillary involvement is the field 
in which radiation therapy has a real beneficial ef- 
fect. In reality this increase in percentage is prob- 
ably due to the average percentage of radiosensitive 
tumors found among breast carcinomas. 

Haagensen and Stout have formulated from 
statistics certain criteria which will aid the physi- 
cian in deciding whether a patient with carcinoma 
of the breast should be operated on or be sub- 
jected only to palliative therapy. 

“Women of all age groups who are in good enough 
general condition to run the risk of major surgery 
should be treated by radical mastectomy except as 
follows: (1) when the carcinoma is one which de- 
veloped during pregnancy or lactation (now no 
longer included as a contraindication); (2) when 
extensive edema of the skin over the breast is 
present; (3) when satellite nodules are present in 
the skin over the breast; (4) when intercostal or 
parasternal tumor nodules are present; (5) when 
there is edema of the arm; (6) when proved supra- 
clavicular metastases are present; (7) when the 
carcinoma is the inflammatory type; (8) when 
distant metastases are demonstrated; (9) when 
any two or more of the following signs of locally 
advanced carcinoma are present; (a) ulceration of 
the skin; (b) edema of the skin of limited extent 
(less than one-third of the skin over the breast 
involved); (c) fixation of the tumor to the chest 
wall; (d) axillary lymph nodes measuring 2.5 cm. 
or more in transverse diameter and proved to 
contain metastases by biopsy; (e) fixation of axil- 
lary lymph nodes to the skin or the deep struc- 
tures of the axilla and proved to contain metas- 
tases by biopsy.” 

Roentgen castration has been widely advocated 
as a supplementary method of treatment in the imme- 
diate pre-menopausal patients. The influence of en- 
docrine secretion on malignant growths is well rec- 
ognized so that the elimination of ovarian secretion 
should have a tendency to restrain growth and lessen 
the chance of metastases. Each case should be ex- 
amined individually; if a woman is in the immediate 
pre-menopausal period (42 to 45 years of age) and 
other circumstances make it improbable that she will 
have further increase in her family, roentgen castra- 
tion is permissible. Observations of the beneficial 
effect of removal of the effects of female ovarian 
secretion would suggest the inadvisability of the use 
of Theelin in any patient having carcinoma. In fact, 
the use of testosterone has been advocated as a de- 
terrent in such cases. 
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CARCINOMA OF THE UTERINE CERVIX 


The uterine cervix is one of the most frequent 
sites of carcinomatous Involvement. This is pri- 
marily a radiological disease. The cervical growth 
is in an ideal situation for radiation therapy; the 
cervical canal permits the introduction of a radium 
tube deep into the center of the growth and the vag- 
inal fornix permits the application of other radium 
tubes on either side, thus developing a system of 
cross fire radiation. In addition to this, x-radiation 
applied from the outside through the abdominal wall 
augments the local application of radium to the ad- 
jacent adnexal areas. Furthermore, the cervix and 
uterus itself are insensitive organs which will stand 
large quantities of irradiation without destruction. 

Carcinoma of the cervix has been classified by 
the League of Nations into four stages, according to 
its extent and involvement. A summary of the clas- 
sification is as follows: 

Stage I. The cancer is limited strictly to the 
cervix uteri and the uterus is mobile. 

Stage II. Extension of the cancer into one or 
more fornices with or without infiltration of the 
parametrium, the uterus retaining some degree of 
mobility. 

Stage III. a) Nodular infiltration of the para- 
metrium on one or both sides extending to the wall of 
the pelvis with limited mobility of the uterus or mas- 
sive infiltration of one parametrium with fixation of 
the uterus. 

b) More or less superficial infiltration of a 
large part of the vagina, although the uterus may be 
movable. 

c) Isolated metastases in the pelvic lymph 
nodes with a relatively small primary tumor. 

d) Isolated metastases in the lower part of the 
vagina. 
Stage IV. a) Massive infiltration of both para- 
metria extending to the walls of the pelvis. 

b) Carcinoma involving the bladder or rectum. 

c) Entire vagina infiltrated (rigid vaginal pas- 
sage) or one vaginal wall infiltrated along its whole 
length with fixation of the primary cancer. 

d) Remote metastases. 

e) “Frozen pelvis” 

The percentage of five year arrests in carcino- 
ma of the uterine cervix after radiation therapy is 
approximately: 

Stage I. - 80% 

Stage Il. - 40% 

Stage III. - 10% 

Stage IV. - 0% 

“ Overall percentage for all cases average about 
22 7, 

Of course the highest percentage of cures is in 
the stage I and II cases; in stage III cases, the per- 
centage of cures falls off materially, in stage IV 
cases there are practically no survivals. Surgical 
removal is occasionally performed in stage I cases 
but the recovery statistics with this method cannot 
compare with those of radiation therapy. Nor is 
there any advantage in surgical removal after radia- 


tion therapy since surgery is apt to open up nests of 
quiescent cells which are being choaked off by fi- 
brous tissue and allow them free unrestrained growth 


CARCINOMA OF THE UTERINE FUNDUS 


Carcinoma of the fundus of the uterus on the 
other must be considered as a disease treated 
most effectively by a combination of radiation and 
surgery. The uterus is a thick muscular organ 
which offers a barrier to the spread of malignancy; 
it is not so abundantly supplied with lymphatics and 
it can be readily extirpated without detriment to the 
patient. Radiation therapy can not be applied to fun- 
dus carcinoma with the same degree of precision as 
it can to carcinoma of the cervix since the location 
and extent of the growth cannot be visualized. On 
this account carcinomas in this location are treated 
with multiple radium tubes introduced into the uter- 
ine cavity, combined with x-ray therapy from outside. 
Radiation therapy followed by surgical removal of- 
fers the best chance for survival in fundus carci- 
noma. 


Clinical classification: 

Stage I. Small localized growth. 

Stage 0. Infiltration of uterus with possible 
extension beyond uterine wall but 
without evidence of fixation. 

It is almost impossible to differentiate with any 

degree of accuracy between these two stages, I and 11. 

Stage I. Invasion of growth into parametria 
with limited mobility. 

Stage IV. Frozen pelvis, or distant metastases. 

The differentiation between these two stages 
II and IV may also be very difficult. 

Where the disease is limited to the uterus 
(stage I cases) a large percentage of five year ar- 
rests fully 80% can be expected from hysterectomy 
-~this is much better than can be hoped for from 
radiation therapy alone. Carcinoma of the fundus is 
clearly a surgical disease. 

Where extension has occurred beyond the uter- 
ine wall the five year arrests drop off to 20 to 25%. 

If the growth has extended into the parametria 
the percentage of five year arrests is very small, 
less than 10% and in frozen pelvis it is practically 
0%. 


CARCINOMA OF THE OVARY 


The ovary is a frequent site for the develop- 
ment of carcinoma. Early surgical removal is of 
course the method of choice; only too often, however, 
the disease goes unrecognized until there are large 
cysts and metastatic nodules covering the peritoneal 
surface of the pelvis and abdomen. 

An appreciable percentage of such tumors, 
even after they have metastasized to the peritoneum, 
are found to be very amenable to x-ray therapy; 
many cases of five year survivals have occurred 
even after peritoneal metastases and ascites have 
been present for a long period of time. 
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Carcinoma of Ovary (Schmitz) (from Cancer 
Handbook, Liljencrantz). 

Stage I. Growth limited to one ovary. Cap- 
sule intact. No fixation; no demon- 
strable glandular or peritoneal in- 
volvement. 

Invasion of opposite ovary. Normal 
mobility of pelvic organs. No de- 
monstrable metastasis. 

Tumor adherent to surrounding 
viscera. Loss of mobility of pelvic 
organs. Involvement of pelvic 
nodes, which remain discrete. 
Advanced, fixed growths and wide- 
spread implants. 


Stage II. 


Stage III. 


Stage IV. 


Radical operative removal of tumor both 
ovaries and panhysterectomy is the procedure of 
choice wherever possible. Postoperative x-ray 
therapy enhances the five year arrests; these are ap- 
proximately 20 to 25%. Even in stage III and IV 
where there is widespread metastatic implants x-ray 
therapy may give lasting palliation even for periods 
of three to four years. 


Carcinoma of the vulva is primarily a surgical 
disease. The vulva does not take well to radiation 
therapy; this, taken with the fact that carcinomatous 
growths of this region are usually very resistant, 
makes a poor combination for radiation therapy. Ac- 
tual cautery has been found the most satisfactory 
method of treatment. 


Carcinoma of the vagina is usually squamous 
cell in type; it can often be effectively treated with 
local application of radium and pelvic irradiation 
with x-rays. 


The urethral orifice may be the site of carcin- 
omatous involvement. Local treatment with radium 
therapy or if very small, the destruction of the 
growth by fulguration has been the best method of at- 
tack in our experience. 


Prostatic carcinoma is slow-growing often ex- 
tending over a period of five years even without any 
therapy. Interstitial radiation with gold radon seeds 
evenly inserted into the prostate has been tried with 
some success but ordinarily surgical extirpation 
gives best palliative results. It is ultimately a fatal 
disease. 


Carcinoma of the bladder is best treated by in- 
terstifial radiation with gold radon seeds inserted di- 
rectly into the base of the growth with the bladder 
open under direct observation, combined with ex- 
ternal pelvic irradiation. Papillomatous growths may 
be cured in 75% of the cases. The percentage of ulti- 
mate recovery is relatively low even with small 
growths, however, if there is any infiltration at the 
base of the lesion. 


Carcinoma of the gastro-intestinal tract offers 
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avery poor prognosis regardless of the method of 
treatment. 

Complete regression of esophageal carcinoma 
has been produced by external application of x-radia- 
tion, likewise esophageal carcinoma has been suc- 
cessfully resected surgically but these are isolated 
cases. In general, no effective method has been found 
to cope with carcinoma in this location. 


Carcinoma of the stomach, likewise, presents 
very uniavorable prospects. Surgical resection, even 
in selected cases, yields only 5% over-all five-year 
cures in the hands of able surgeons; 18% in carcino- 
ma of the pylorus; radiation therapy offers nothing at 
all. 


The small bowel fortunately is seldom affected 
by malignant growths. 


The colon and rectum are common sites of car- 
cinoma; of all of the sites, it is the one in which sur- 
gical resection offers the greatest hope for success. 
Radiation therapy may be used postoperatively only 
as a palliative measure for pain. 


Carcinoma of the anus is usually of the squa- 
mous cell type and is more accessible to treatment 
by radiation. 


Primary malignant tumors of bone do not or- 
dinarily respond well to radiation; in certain in- 
stances they may show regression and quiescence 
after irradiation as a preparatory procedure for op- 
eration. Operation during this period nets a greater 
percentage of cures. Ewing’s endothelial myeloma 
is the only type of primary malignant bone tumor 
which responds with any degree of consistency to 
radiation therapy; a few instances of cure have been 
recorded by this method alone. 

Metastatic malignant tumors to bone, on the 
other hand, often show surprising sensitivity. Areas 
of destruction fill in with new bone and the patient 
may go even as much as ten years. 

The xanthomatous lesions involving bone us- 
ually respond to small doses of radiation with ulti- 
mate cure. 


BENIGN CONDITIONS 


Many benign conditions are favorably affected 
by radiation therapy. Small divided doses of low 
voltage x-radiation are used for the treatment of 
many varieties of skin lesions. Eczema, contact 
dermatitis, fungus infections such as epidermophy- 
tosis are prominent examples. 


Warts of various types such as verruca vwul- 
garis, verruca plantaris and even veneral warts are 
destroyed by irradiation. A wart {s one of the few 
tumors known to be caused by a virus; if warts are 
excised, macerated, extracted with saline solution 
and then passed through a Berkefeld filter to exclude 
bacteria, the filtrate injected intradermally will pro- 
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duce warts in another individual. This is what makes 
excision of plantar warts so difficult and unsuccess- 
ful; if any of the virus contained in the wart is 
squeezed into the wound, more warts will appear in 
or near the operative scar. Radiation therapy, 
either x-ray or radium, is the most satisfactory 
means for complete cure. 


Small skin tabs, mulluscum fibrosum, and 
horny growths of epidermis may be removed in a 
similar way. 


Nevi of many varieties may be completely de- 
stroyed by application of small quantities of radiation. 
Even when of large size covering a great portion of 
the face, it is remarkable what favorable results can 
be obtained in suitable cases. Port wine stains and 
Spider nevi usually do not respond favorably nor do 
blood vesseltumors composed of adult fully de- 
veloped blood vessels such as those produced by 
venous varicosities. Tiny spider nevi often require 
fulguration. 


Moles can be removed by radiation therapy but 
this represents a chemical agent and if destruction 
is not complete it may cause irritation of the growth. 
It is better to remove such growths by wide surgical 
excision or by thorough cauterization. 


Pyogenic infections of the skin and subcutane- 
ous tissues such as furuncles and carbuncles usually 
react very promptly to superficial radiation therapy. 
It seems that the greater the involvement of the skin 
itself, the more profound is the effect of radiation on 
the infectious agent. In carbuncles x-ray therapy 
usually has a profound effect causing their reduction 
in size and ameliorating the symptoms within 24 to 
48 hours and often aborting the course of infection to 
a seven to ten day period. If the carbuncle is asso- 
ciated with diabetes care must be exercised in ap- 
plication of x-ray therapy because sometimes they 
“freeze” forming a hard cake which becomes chronic 
neither breaking down nor resolving. Surgical re- 
moval under such circumstances is the only solution. 
Furuncles also respond readily but usually not as 
rapidly as carbuncles. 





Where the pyogenic infection involves the hair 
follicles, (folliculitis), e axilla or other hairy 
parts, radiation therapy to the point of epilation will 
be very effective in curing the infection. 


In Psychosis Barbae or Tenea Barbae, forms 
of infection of the bearded areas of the face, (Bar- 
ber’ s Itch) complete epilation of the entire bearded 
area is practically the only effective method of treat- 
ment. For complete epilation four weeks must 
elapse; the amount of radiation necessary for epila- 
tion in this area is much greater than elsewhere in 
the body. 


Ring worm infection of the scalp or favus both 
require complete ep on of the entire scalp for ef- 
fective cure. This is a very technical procedure but 


it has been worked out with great exactness so that it 
can be readily performed. The hair begins to fall out 
in three weeks and by four weeks complete epilation 
should have taken place. The x-radiation does not 
have any effect upon the fungus itself but merely re- 
moves the hair thereby eliminating the site in which 
the infection grows. Regrowth of the hair should 
occur within 3 or 4 months. 

In other types of infection it has also been ad- 
vocated. In nasal sinusitis and mastoiditis the effects 
may be gratifying but this is usually due fo the influ- 
ence of the radiation on chronic granulation tissue 
and chronically infected hyperplastic lymphoid tissue 
which is usually associated in infections of this type. 
It has never given spectacular results in acute cases 
of this type in our experience. Radium applied to the 
nasopharynx in cases of chronic infection and deaf- 
ness may, by its influence on the chronic hyperplastic 
lymphoid material,result in cure of the infection and 
restoration of hearing. 

Extremely small doses of surface radiation ad- 
ministered with a radium plaque to the cornea may 
clear up interstitial keratitis and corneal opacities 
and may even have a favorable influence on pannus. 

Radiation therapy for hyperthyroidism. (Refer 
to Isotopes.) 

In acute thyroiditis, the infection can be con- 
trolled with very small doses of radiation, producing 
prompt and lasting results. 

X-Ray therapy for “enlarged thymus” is another 
field in which there is much dispute. In the first 
place it is difficult to evaluate any effect of therapy 
on this structure since it varies in size with every 
phase of respiration; it becomes large on crying and 
small on regaining composure. Perhaps the only 
condition in which it should be used is when lateral 
roentgenographic examination shows compression 
of the trachea by the thymus. Even then, only very 
small doses of radiation should be given, always 
being mindful of the harmful effect which thymic ir- 
radiation may have on testicular development and 
bone growth as shown experimentally on animals. 

It is questionable whether x-ray therapy has 
ever been shown to have beneficial effect on lung 
infections. Its use in the treatment of pneumonia 
has been advocated but results of such cases are 
always hard to evaluate. In lung abscess it has not 
had demonstrable benefit; surely with present day 
chemotherapy we have a more scientific and effective 
means of combating these diseases. 

There are few if any benign lesions of the 
gastro-intestinal tract in which it is of any value. 
Regional enteritis produces a granulomatous lesion 
which one might think would be amenable to radiation 
therapy but repeated attempts have never led to any 
beneficial effect. 

Certain benign conditions of the female gen- 
erative organs may be very successfully treated by 
radiation. Pre-menopausal bleeding from endome- 
tritis or submucous fibroid may be cured in practi- 
cally all instances by a sterilizing course of x-ray 
therapy. 

This should of course never be done except in 
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patients in the early forties in the pre-menopausal 
period. The influence which radiation therapy has 
on fibroids is probably due in large part to its effect 
on the ovarian function; with cessation of this func- 
tion fibroids regress naturally under any condition. 


Lymphomata 

~ Malignant disease of the lymphoid system can 
be well treated by external radiation therapy. Symp- 
toms can be alleviated, tumorous masses made to 
decrease in size or disappear and life prolonged. 
Hodgkins disease is treated by irradiation of the in- 
volved node masses. Good palliation is obtained, 

the results of treatment being better in less ad- 
vanced disease. Lymphosarcoma is almost always 
palliated by roentgen therapy and cures have been 
reported when the disease is limited to a localized 
area or organ. Leukemia patients are benefitted by 
radiation therapy when the disease is chronic. The 
elevated white count is lowered by irradiation over 
the spleen or by total body irradiation. The well 
being of the patient is furthered and life is prolonged. 


Radiation therapy is contraindicated in acute leukemia. 


Kidney 

Radiation therapy is of value only in palliation 
of carcinoma in the adult. In the child, embryonal 
carcinoma, Wilms tumor, should be treated by sur- 
gery primarily followed by radiation of the area. 
Five year survivals are increased thereby. Neuro- 
blastoma, originating in the adrenal, is radiosensi- 
tive but not necessarily radiocurable. Radiation 
therapy is of value as palliation and cures may be 
obtained in a small percentage of cases. Certain 
tumors of the testis namely the seminoma group are 
very radiosensitive. Up to 80% of five year survi- 
vals are experienced if the lymph node areas of the 
testis are irradiated after the primary tumor is ex- 
cised. Other tumors of the testis are highly ma- 
lignant and x-ray therapy is ineffectual. 


Lung Carcinoma can be palliated in some in- 
stances by deep x-ray therapy, but on the whole the 
results are not very satisfactory. 


Central Nervous System 

Radiation has a definite place in the treatment 
of pituitary tumors. Surgery for pituitary tumors 
also has a definite place, depending upon the symp- 
toms, rapidity of growth, and other factors, but re- 
sults from radiation therapy alone are as good or bet- 
ter than surgery in larger series of cases. Medullo- 
blastomas have as the treatment of choice radiation 
Since surgery can offer only confirmation of diag- 
nosis and decompression of increased intracranial 
pressure. The cerebellar region and the spinal cord 
are treated with relatively high doses because of the 
tendency of these tumors to metastasize down the 
spinal cord. Hemangioblastomas are radiosensitive. 
The more rapidly growing tumors of other types are 
more radiosensitive than the less rapid growing, 
more differentiated neoplasms, but radiation offers 
only temporary improvement. 
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Bursitis is helped by x-ray therapy, alleviating 
pain and shortening the course of disability. Most 
often occurring in the shoulder, but also in the elbow 
and hip, the condition is common and deserves treat- 
ment. Symptoms of rheumatoidspondylitis are often 
alleviated by a short course of deep-x-ray therapy. 


Radioactive Isotopes as Therapeutic Agents, 
(H. W. Fischer). New as the subject of atomic medicine 
may be to the general physician, the basic principle 
of alteration of cell function by ionizing radiation is 
the same which has formed the foundation of tradi- 
tional radiation therapy with x-rays and radium. The 
cyclotron and uranium pile produce radioactive iso- 
topes of many elements, only a few of the total num- 
ber having known therapeutic application at this time. 
Like radium and other naturally occurring radio- 
active elements, the artificially produced radioactive 
isotopes may give off alpha, beta, or gamma rays or 
combinations of these. (See pp. 508-509 for discus- 
sion of radium disintegration.) Although their action 
on tissues is essentially the same, it is their de- 
liverance to the tissue which is new and different in 
many instances. The roentgen as defined applies 
only to x and gamma rays. In attempting to measure 
the radiation delivered by an isotope emitting beta 
rays, the “roentgen equivalent physical,” (rep), is 
the corresponding unit. It is the amount of beta radia- 
tion which releases 93 ergs of energy per gram of 
tissue. When the isotope is deposited in certain tis- 
sues or is distributed throughout the entire body, the 
dosage received cannot be measured. Calculations 
must be made for each isotope, depending upon the 
physical characteristics of that isotope, and physio- 
logical factors concerned in deposition and excretion 
of the isotope. The suitability of an isotope will de- 
pend upon the type of radiation emitted, whether 
alpha, beta, or gamma rays. The period of effective 
action will determine the practicality of usage; ele- 
ments having a very short half-life (12 hours or 
less) are uneconomical to deliver to the patient from 
the production source. Elements with too long a 
half life have excessively prolonged activity when 
internally administered, with the potential danger of 
carcinogenesis, and too slow deliverance of the 
major portion of their radiation to allow practical 
evaluation of results. Biological and chemical be- 
havior of the isotopes must be well understood, such 
as toxicity, differential organ uptake, absorption, 
storage, and excretion. Technical efficiency in pro- 
duction of an isotope is also important, as is the 
ease of handling, and the protection required for pa- 
tient and operator in its usage. 





Cobalt 60 as Therapeutic Agent. Radioisotopes 
may be used in the same manner as radium. Large 
quantities of isotopes are used for external radiation 
at a distance, as with teleradium therapy. Cobalt 60 
with a half life of five years is the most suitable 
radioisotope available for this purpose, with iridium 
and cesium 137 also considered for this role. A 1100 
curie cobalt 60 unit supplies a depth dose equivalent 
to that produced by a three million volt peak x-ray 
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machine. The emitted gamma rays give a greatly 
increased depth dose as compared to a 200 kv x-ray 
machine. Advantages of telecobalt therapy are the 
constant output of a relatively homogeneous beam of 
high energy gamma rays which does not require fil- 
tration. The initial cost and upkeep is stated to be 
less than for a million volt x-ray machine.* Disad- 
vantages are that the cobalt must be replaced at in- 
tervals, that the output of the unit is less than of a 
million volt machine. The physical characteristics 
are essentially the same as those emitted by radium, 
and no essential difference in results in treatment is 
to be expected. The value lies in that now many 
curies of radioactive substance are now available, 
where formerly only a limited number of curies of 
radium were assembled at any one place for tele- 
radium therapy. 


Strontium 90 as a Therapeutic Agent. Cobalt 
60 and other isotopes um : 198) when 
properly sheathed may be used for external, 
interstitial and intracavitary therapy in the 
same fashion as radium plaques, needles, and 
capsules. Dependent upon the half lives and the 
activity of the isotope, new tables of exposure are 
necessary to give radiation effects comparable to 
well observed radium technics, but the biological 
effect is no different. 

Radioactive strontium, Sr 90, is used in the 
same manner as a radium plaque for irradiation of 
external eye lesions. It has the advantage of having 
a very energetic pure beta spectrum, whereas beta 
ray therapy with radium (or radon) is complicated 
by the simultaneously emitted gamma rays. 


INTERNAL ADMINISTRATION OF ISOTOPES 

Internal administration of radioactive isotopes 
is relatively recent in its usage. Isotopes are ad- 
ministered internally for uptake by specific cells or 
tissues, or are deposited into local areas to remain 
there. Radioactive phosphorous, P 32,and radio- 
active iodine, I 131, typify the novel internal deliver- 
ance of ionizing radiation to specific tissues in the 
body or to all body tissues, and radioactive colloidal 
gold, Au 198, typifies the deposition of particles of 
radioactive material into local areas. 


Phosphorus 32 as a Therapeutic Agent. Tissues 
which normally take up phosphorus and tissues which 
have a high rate of mitotic division have also a high 
uptake of radioactive phosphorus. Bone, bone mar- 
row, liver and spleen, and neoplastic tissue therefore 
have a high uptake of P 32 and this fact is utilized in 
the treatment of polycythemia and leukemia. The 
ionizing radiation is delivered to the cells more spe- 
cifically and more effectively than any form of exter- 
nally administered radiation. Polycythemia vera is 
effectively treated by one or more appropriately sized 
doses of P 32 in 90% of cases. Relief of symptoms 
and disappearance of hematological abnormalities is 
obtained far more consistently by this treatment than 
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by external x-ray therapy or chemical inhibitors of 
the bone marrow. The treatment is simple to give, 
and has no particular disadvantages. Except for par- 
tial lack of absorption of orally ingested P 32, oral 
and intravenous therapy are equally effective. Radio- 
phosphorus can be used effectively in the treatment 
of chronic granulocytic leukemia. Small, repeated 
doses of oral or intravenous P 32 result in clinical 
remissions accompanied by lowered white blood cells 
count, and improvement in anemia. The response in 
chronic lymphatic leukemia is more variable and less 
successful. The remissions obtained are essentially 
comparable to those obtained with external roentgen 
therapy such as total body spray and irradiation of 
the spleen or bone marrow. The advantage is ease 
of administration. Radiophosphorus has been used 
in the treatment of metastatic lesions of carcinoma 
of the breast and prostate. A temporary palliative 
effect is obtained in some cases. 


Iodine 131 as Therapeutic Agent. Radioactive 
isotopes of iodine have opened up an entire new field 
of therapy of thyroid diseases. Orally or intravenous- 
ly administered I 131 is taken up by the thyroid gland 
proportional to its activity. When thyrotoxicosis 
exists, the uptake is high, and the proper sized dose 
of radioiodine will destroy the major portion of func- 
tioning thyroid tissue. Radioiodine is a very efficient 
form of therapy, low in cost, and accompanied by few 
risks. It is recommended particularly for poor sur- 
gical risk, and patients refusing surgery, for patients 
in whom medical therapy has not been successful, for 
recurrent hyperthyroidism after thyroidectomy, for 
uncomplicated hyperthyroidism in older patients, and 
for patients with malignant exophthalmos. Natural 
caution has held back the use in younger patients not 
because of less good results to be obtained, but for 
fear that there may be a late tendency to neoplasia 
of thyroid or other tissue following internal use of a 
radioactive material. Results of treatment are bet- 
ter in diffuse thyroid hyperplasia than in nodular 
toxic goitre. 

The large nodular goitre may contain a neo- 
plastic area which would not be adequately treated by 
the size of the dose directed at hyperthyroidism. 
Dosage is not yet precise, being dependent on the 
size of the gland and the percentage uptake of a 
tracer dose of radioactive iodine. Some patients 
require two or more doses at intervals to obtain re- 
mission of symptoms. The percentage of good re- 
sults is very high, above 90%. Ill effects are hypo- 
thyroidism in a minority of patients, and rarely defi- 
nite myxedema, due to too vigorous attack upon the 
gland. Adverse generalized reaction to radiation is 
nil, and local symptoms are not of importance. No 
deaths, tetany, or vocal cord paralyses are associated 
with this treatment as may happen with surgery. 
Radioiodine is a new weapon in the attack on thyroid 
cancer, but early hopes for wide success have not 
been realized. A high index of malignancy is asso- 


*A true estimate of the cost of cobalt 60 and other isotopes must take into consideration the huge cost of the 
governmental atomic energy programs, and not just the present cost charged for production and delivery of 
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ciated with proportionate loss of function. The more 
malignant the tumor, the less tendency to take up 
iodine or radioactive iodine. Consequently the iodine 
cannot be effectively delivered to the neoplastic cell, 
except when its function and structure approaches 
the normal. Uptake of iodine by the thyroid neoplasm 
can be increased by prior defunctionalization of the 
normal thyroid tissue, by feeding of antithyroid 
drugs, or the administration of thyroid stimulating 
hormone, but even with these aids, results are good 
in only a few cases. 

The normal functioning gland may be reduced 
to hypofunction when the occasion so demands by 
radio-iodine. In cardiac failure and angina pectoris, 
intractable to other forms of therapy, the adminis- 
tration of radioiodine brings relief in a substantial 
number of patients by reducing their general level 
of metabolism. Relatively large and repeated 
doses are required since the gland’s uptake of iodine 
is not elevated. Myxedema will be produced in 
some cases and if the symptoms are not tolerated, 
thyroid extract may be given. Failure of such 
treatment occurs when a balance of relief of cardiac 
symptoms and those of hypothvroidism cannot be 
achieved. Surgical thyroidectomy formerly used for 
this type of patient can now be eliminated from con- 
sideration because radio-iodine therapy carried no 
inherent risk. 


Gold 198 as a Therapeutic Agent. Radioactive 
colloidal gold has found use in the treatment of pleu- 
ral and peritoneal effusions due to malignant disease, 
in which the rapid and excessive formation of fluid 
causes more distress than other aspects of the neo- 
plasm’s growth. Au 198 when injected intracavitarily 
is rapidly removed from the free fluid and is fixed on 
or near the surface of the cavity lining, the effective 
radiation penetrating only to a depth of 2 or 3 mm. In 
about one half of the patients treated in this manner, 
the formation of fluid is successfully inhibited. Better 
results are obtained in pleural effusions than in 
ascites. The mechanism of action is not clear, but 
production of fibrosis on the affected surfaces by 
the ionizing radiations is thought to inhibit fluid 
formation. The radioactive gold has no special af- 
finity for tumor tissue and the serosal surfaces are 
not rid of tumor. A small amount of radioactive 
material enters the blood stream, and is deposited 
in bone marrow, liver and spleen,as well as excreted 
in the urine. This has not been of clinical conse- 
quence. 

Gold 198 has been used successfully in the 
treatment of prostatic carcinoma. Its greatest use 
is in the moderately advanced cases in which neo- 
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plasm has spread beyond the gland, but has not yet 
become widely and distantly spread. For more local- 
ized tumors, surgery is the procedure of choice. 
Other forms of palliative therapy are more appro- 
priate for the patient with distant metastases. 

Radioactive colloidal chromic phosphate, 

Cr P 32 O,, is used for intracavitary and interstitial 
therapy in the same fashion as radioactive colloidal 
gold. Emitting only beta rays, the radiation exposure 
is more localized than with Gold 198, and handling of 
the isotope is somewhat simpler. 

Adequate deliverance of ionizing radiation to 
neoplastic tissue is best accomplished by the visuali- 
zation afforded by the open suprapubic operation, and 
direct injection into tumor masses in and around the 
gland and the regional lymphatics. Perineal and 
transrectal injection have a definite place in certain 
patients. 

The fascial planes and compartments of the 
area allow the injected radioactive colloid to remain 
essentially localized or to spread along the course of 
the lymphatic drainage. Absorption of radioactive 
material into the general circulation for ultimate re- 
tention in the reticuloendothelial system has not been 
a problem when injections are performed skillfully 
and with experience. Injection of too little or too 
poorly distributed gold does not control the tumor. 
Injection of too much or too poorly distributed gold 
results in irradiation complication, sloughing of the 
prostatic tissue or rectal ulceration. Excision of as 
much obviously neoplastic tissue as possible is ad- 
vised at time of injection to minimize complications. 

Injection of Au 198 into parametrial tissue in 
cases of carcinoma of the cervix is a logical approach 
to delivering of a cancerocidal amount of radiation to 
the local extension of neoplasm and its regional lymph 
node metastases, without causing necrosis of normal 
tissue. The colloidal radioactive gold is injected into 
the parametrium alongside the uterus. Some of the 
gold enters the local lymphatics and travels to the 
regional lymph nodes along the lateral pelvic wall, 
where often insufficient irradiation is obtained with 
the conventional radiation techniques. The method 
shows promise in the early evaluation. So far, it 
has been used along with intracavitary radium, and 
Wertheim hysterectomy and lymphadenectomy, with 
omission of external radiation therapy. 

The use of solutions of radioactive colloidal 
gold for injection into other tumor masses whether 
superficial or deep is being investigated. Intravenous 
administration of Au 198 for chronic leukemia cases 
has been used but the preference is for radioactive 
phosphorus. 
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PRINCIPLES OF ROENTGEN INTERPRETATION 


Table I 


I-131 UPTAKES OF NORMAL AND 
HYPERFUNCTIONING GLANDS 


Normal: 
Anterior neck 4004 
Posterior neck 1893 
Right neck 2624 
Left neck 2941 


Average 2866 counts per minute 


Standard 12790 cpm. 
Background 337 cpm. 


% Uptake = Average neck counts - background count 
~ Standard - background count =— 


2529 
= 12453 = 20.3% 


Hyperthyroidism: 
Anterior neck 9801 
Posterior neck 4295 
Right neck 8440 
Left neck 7108 


Average 7411 


Standard 12790 
Background 337 


_ Average neck counts - background 
% Uptake = ard - background 


1074 
= y5q5y = 56.9 To 
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Chapter XXVI 


RADIOACTIVE ISOTOPES AS DIAGNOSTIC AGENTS 


Harry W. Fischer, M.D. 


(Radioactive isotopes as therapeutic agents are discussed on p. 517.) 


With the growth and development of nuclear 
physics in recent years, radioactive isotopes were 
produced by the cyclotron. It was inevitable that 
some of these isotopes should find a use in medicine. 
At first, limited quantities of a few isotopes were 
made available, and research and clinical experience 
was likewise limited. With the advent of the chain 
reacting uranium pile, the availability of radioactive 
materials has increased prodigiously. The firm es- 
tablishment of isotope diagnostic and therapeutic 
technics has followed. 

Atoms with different atomic weights but iden- 
tical atomic numbers and chemical properties are 
called isotopes. Radioactive isotopes, either natural 
occurring or artificially produced,are unstable in 
their nuclear combination of protons and neutrons. 
With the spontaneous breakdown of the unstable nu- 
clear arrangement, an energetic particle is emitted. 
By this single or repeated activity, a stable con- 
figuration is reached, the resultant atomic number 
and weight of the element depending upon the number 
and nature of the emissions. Emission of a beta ray, 
that is, an electron from the atom,results in an in- 
crease in atomic number of one without change in the 
atomic weight. Emission of an alpha ray, identical 
with the helium atom, results in a decrease of two in 
the atomic number and four in the atomic weight. 
Gamma radiation are emitted in the course of nuclear 
transformations but such activity is not character- 
ized by change in atomic number or weight per se. 
Since the chemical properties of radioactive isotopes 
are identical with the stable atoms of an element, 
they are handled identically by the body in absorp- 
tion, excretion, anabolism, catabolism, circulation 
and so forth. During their participation in metabolic 
processes, radioisotopes may be detected by suitable 
equipment at any time by the emission of their 
characteristic rays. Far smaller amounts of radio- 
active materials than non-radioactive materials may 
be measured because of this characteristic. The 
rate of emission of rays from any one radioisotope 
is constant, and specific, and uninfluenced by any 
physical or chemical factors. The number of radio- 
active atoms partaking in any process may therefore 
be indicated by measuring the number of emissions 
per unit time. The diagnostic application of radio- 
active isotopes rests then on their use as indicators 
in “tagged” or labelled substances utilized by the 
body. Significant physiological and pathological in- 
formation is furnished by study of uptake, distribu- 
tion, or excretion of radioisotopes. The counting of 
beta or gamma rays in certain body locations gives 
valuable information, as does analysis of body fluids, 
and excretory products. The histological locations of 
metabolized radioisotopes are recorded by placing 
thin tissue sections in contact with a photosensitive 
emulsion, a process called autoradiography. 

Certain general principles must characterize 
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the isotope to be used in biology and medicine. The 
half life, or the time in which half of any given num- 
ber of atoms undergoes disintegration, should be 
neither too long nor too short. It is not practical or 
convenient to prepare and deliver an isotope and 
make use of it in a very brief interval, as with iso- 
topes of half lives of hours or minutes. Isotopes 
with long half lives may remain radioactive in the 
body for a longer time than desired, or their effect 
may be so delayed as to be unsuitable for clinical 
use. For counting on the external body surface, a 
radioisotope need emit a gamma ray, which will 
penetrate many centimeters of tissue. In all buta 
very few special instances beta rays will not be 
measurable outside the body because they travel only 
a few millimeters in water or tissue. Alpha particle 
emission measurement is not practical since alpha 
particles cannot penetrate a fraction of a millimeter 
of tissue. Positron emitters are utilizable since the 
positron is annihilated with resultant production of 
two coincident gamma rays, which are detected with- 
out difficulty. The suitable radioisotope must be one 
which is not retained unduly long by the body, nor 
have undesirable selective concentration in certain 
tissues. Concentrations of elements not tolerated in 
non-radioactive isotopic form must also be avoided 
with radioisotopes. This implies knowledge of the 
chemical and biological behavior of the element. 
Measurement of either beta or gamma rays is feasi- 
ble when body fluids, tissues or excretory products 
are examined separate from the body. The specimen 
may be concentrated or dried for counting of the 
entire specimen, or an aliquot may be counted. 


Counting Instruments 

' With the interest in radioactive materials in 
biology, improved equipment has been developed for 
measurement of radioactivity. The Geiger-Muller 
counter works on the principle of ionization of a gas 
enclosed in a tube by the entering particle or photon. 
The ionization produced is measured by a potential 
applied between two electrodes in the chamber. 
When amplified, this discharge may be recorded in 
one of several ways. The design, size, and shape of 
the Geiger Muller tube depends upon the type of 
radiation to be detected and the nature of the speci- 
men to be examined. Scintillation counters work on 
the principle of conversion of energy of photons or 
emitted particles into light. The energetic particle 
or photon striking certain crystals called phosphors 
(sodium iodide; anthracene) produces extremely brief 
minute flashes of light which are detected and greatly 
amplified by a photomultiplier tube, so that the 
pulses of current may be counted and recorded. The 
efficiency of counting is greater with the scintillation 
counter because of quicker response to impulses 
rapidly following one another. The scintillation 
counter is coming to be the preferred instrument, 
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except when increased sensitivity could be considered 
a disadvantage. The actual recording of impulses is 
carried out by electronic devices since the GM tube 
or scintillation apparatus counts too fast for mechan- 
ical recording. A scaler is the electronic instru- 
ment which stores pulses, releasing only a definite 
proportion of the counts received to a mechanical 
counter. The electronic recording equipment may be 
devised to give simultaneous readings of counts per 
second or minute, as the subject is being examined, 
or the total number of counts in a selected period. 
Regardless of type of counter, counts must always be 
corrected for the radiation detected from other than 
the subject being examined. The natural radio- 
activity of the earth, radioactivity of cosmic rays, 
and any other possible radioactive substances near 
the counter make up “background” radiation. Back- 
ground count is increased with the sensitivity of the 
counter, being higher with scintillation counters than 
with GM counters. It may be reduced somewhat by 
shielding of the counter with lead, and excluding con- 
tamination from other radioactive sources, but can- 
not be entirely eliminated. The background radiation 
count must always be subtracted from the recorded 
count to obtain the true count. Weak radioactive 
specimens cannot be counted accurately when their 
counting rate is little different from that of the back- 
ground count, which fluctuates within a certain range. 
The lower the background count in relation to the 
true count, the more accurate the determination. Ac- 
curacy can be increased in the counting of weakly 
radioactive specimens by counting a very large 
number of impulses. 


Radiological Safety 

Protection of the patient and the physician and 
his assistants is a vital aspect of the use of any 
radioactivity. The problem assumes added impor- 
tance with new, untried materials, particularly when 
they are internally administered and retained in the 
body. Outside of the body protection must be af- 
forded during transportation, preparation and ad- 
ministration of the full strength isotope, and dur- 
ing disposal of the radioactive residue. Shielding 
with lead and utilization of a safe distance is satis- 
factory for these purposes. Inside the body, the local 
and general harmful effects of excessive radiation 
present problems which cannot be solved by shielding 
with heavy metals or protection by distance. Local 
effects may be acute or chronic, temporary or per- 
manent. Obtaining dosage within limits considered 
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to be safe is the only means of protection. The pos- 
sible harmful effects of even small amounts of radio- 
active isotopes as used in tracer studies must be 
taken into consideration. 


USE FUL ISOTOPES 


The utilization of various diagnostic isotope 
technics is rapidly growing and developing. The 
more common, more standardized technics are de- 
scribed in heavy type. The less commonly used tests 
are in finer type. The division is relative, not abso- 
lute, since the actual use depends upon the physician’s 
interest and ability. 


Iodine 131 in Thyroid Disease 

e most us of the radioisotopes from a 
Clinical diagnostic aspect is Iodine 131. The thyroid 
takes up ingested iodine, brought to it by the circula- 
tion after absorption from the intestine. In the gland, 
the inorganic iodine is converted into thyroid hor- 
mone, and is then discharged into the blood in organic 
form or stored within the gland. The individual body 
cells are stimulated metabolically by the circulating 
hormone, thyroxine. Radio iodine I-131 undergoes 
all steps in the process as does ordinary non- 
radioactive iodine, and can therefore be utilized in 
assessing thyroid function. When the gland is hyper- 
active, the rate and amount of iodine taken up is in- 
creased and the conversion of the inorganic ion to the 
organic hormone is likewise speeded up. The re- 
verse holds true for underactivity. Iodine not metab- 
olized by the thyroid gland is excreted by the kidney, 
whether this be ordinary iodine or radioactive iodine, 
(Schilling, et al.). 

A small dose, 10 to 50 microcuries, when ad- 
ministered by mouth or by vein is rapidly and pro- 
gressively concentrated by the gland. Since the 
gamma rays emitted from the I 131 within the thyroid 
cell penetrate the surrounding tissue without diffi- 
culty, they can be counted externally by a Geiger or 
scintillation counter positioned over the neck. The 
counter is suitably shielded by a lead collimator to 
count mainly the gamma rays from the thyroid area 
(Fig. 1) and to exclude those from the remainder of 
the body. An estimation of the uptake of I 131 by the 
gland is obtained by comparing the counts per minute 
over the gland at 24 hours with the counts per minute 
from a standard solution of I 131 at the same time. 
The standard was originally calibrated to be of the 
same number of microcuries as the tracer dose. For 


Fig. 1. Wide angle counter being used 
to measure the total uptake of radio- 
active iodine in the thyroid gland, Count- 
ing is recorded by a scaler, 
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accuracy, the standard is placed in a water phantom 
to simulate the actual geometrical conditions of 
counting the patient’s neck. The uptake of the gland 
is expressed as a percentage of the standard. The 
hyperfunctioning gland concentrates more I 131 than 
the normal gland. Studies by various laboratories 
using different counting equipment and technics of 
counting give slightly different figures for the per 
cent uptake by normal glands. About a 35-40% up- 
take is assumed as the upper limit of normal. Almost 
all hyperthyroid patients have a higher uptake than 
this level and almost all normal patients have an up- 
take lower than this level (Table I, p. 520). As in 
other physiological tests, there is an overlap zone 
between the normal] and pathological. The hypofunc- 
tioning gland concentrates less I 131 than the normal 
gland. The overlap zone between euthyroidism and 
hypothyroidism is large, decreasing the usefulness 
of this measurement. 

Another method of assessing the thyroid func- 
tion is the measurement of radioactivity of the urine 
following the administration of a tracer dose of I 131. 
The portion of the test dose not taken up by the 
thyroid is excreted in the urine, except for an un- 
accounted for fraction which is not dependent upon 
the thyroid activity. The amount of I 131 detected in 
the urine varies inversely with the thyroid activity. 
A high urine radioactivity indicates a hypofunctioning 
gland, a low urine radioactivity indicates a hyper- 
functioning gland. To obtain the per cent of the dose 
excreted, comparison of the urine specimen in counts 
per minute and a standard tracer dose in counts per 
minute at the same time, usually 24 hours, and under 
identical conditions must be made. A urinary excre- 
tion below 40% is considered evidence of hyper- 
thyroidism. Due to large overlap zones between hy- 
perthyroid, euthyroid, and hypothyroid patients and 
since complete collection of iodine is often imprac- 
tical, this test is no longer in favor. 

The rate of uptake of I 131 as well as the total 
amount has also been used for a test of thyroid func- 
tion. High uptake rates generally indicate hyper- 
thyroidism; lower rates of uptake, normal function. 
Measurement of rate of uptake of I 131 is not as 
practical as total uptake measurements or urinary 
excretion analysis. 

Without certain qualifying conditions, I 131 up- 
take studies are invalid. Ingestion of organic or in- 
organic iodine up to seven weeks prior to the test 
reduces the uptake of I 131 to very low levels, with a 
falsely low uptake value resulting. Organic iodine 
retained in the body from previous radiographic pro- 
cedure, such as myelography, bronchography, 
cholecystography, pyelography, or angiography, have 
a similar effect in producing false low uptake values 
or high urinary excretion values. Thyroid extract 
ingested by the patient will also depress the I 131 up- 
take for as many as two weeks, even though the 
medication is stopped. Antithyroid compounds, propyl 
thiouracil and others, lower the radioactive iodine 
uptake. Within four days of ingestion of these com- 
pounds, the test is not valid. Sulfa derivatives have 
some antithyroid effect. Dietary iodine, iodized salt 
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or iodine rich foods cannot be ingested in sufficiently 
large amounts in the normal diet to influence the test. 
Uptake of I 131 into the thyroid may be slowed by cir- 
culatory failure, and a false low 24 hour value be ob- 
tained. Repeat uptake determination at 48 hours in 
these cases will show a more accurate value. Sim- 
ilarly in poor kidney function, falsely low urinary 
outputs appear due to retention of the I 131 in the 
blood. 

If the limitations of the method are realized, the 
advantages are apparent. The tracer study is easy 
to perform, takes a minimum of time and expense, 
and is not subject to the vagaries of the emotional 
state of the patient as is the basal metabolism test. 
Comparatively, the accuracy of this method com- 
pared to other methods is high. The previous utilized 
tests of thyroid function are still used in the investi- 
gation of thyroid disease, and all have definite value. 
The I 131 uptake like any biological test is subject to 
error, and all factors must be considered in the 
diagnosis of the thyroid patient. 


A test has been devised to differentiate true 
hyperthyroidism from a state in which the iodine up- 
take is found to be high, but the patient considered to 
be euthyroid. Triiodothyronine in large doses given 
for several days will suppress radioactive iodine up- 
take in euthyroids, but will fail to do so in true hy- 
perthyroids (Werner). 

Thyroid stimulating hormone, TSH, in conjunc- 
tion with radioactive iodine uptake tests is used to 
differentiate between primary and secondary hypo- 
thyroidism. The thyroid gland which does not respond 
with an increase in iodine uptake after iniection of 
TSH is considered primarily at fault. If the gland 
responds to TSH by taking up more I 131, the hypo- 
thyroidism is considered secondary to pituitary 
hypofunction. 


With the aid of a radiation counter, not only the 
percentage uptake of I 131 by the entire gland can be 
determined but local areas of the gland can be in- 
vestigated. A special collimator of lead placed over 
the counter allows the gamma rays from only one 
square centimeter of surface to be counted at one 
time. In this way, a nodule or lobe may be found to 
be hyperfunctioning by virtue of many counts per 
minute, while the remainder of the gland has a nor- 
mal uptake, as expressed by fewer counts per minute. 
The size of the gland may be mapped by counting of 
multiple coordinates over the neck surface (Fig. 3) 
and plotting the results on graph paper. A line arawn 
around the border of the high activity coordinates 
outlines the gland. The method is valuable in esti- 
mating the gland size and therefore its weight, since 
the weight of the hyperfunctioning gland determines in 
part the size of the therapeutic dose of 1131. Sub- 
sternal components of the thyroid either hyper or 
normal functioning have been detected and presence 
of functioning thyroid tissue in the neck following 
thyroidectomy is ascertained similarly. The pro- 
cedure could be likened to a “mine detector” as used 
in modern warfare, although the principle upon which 
detection is based differs. Location of metastases of 
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thyroid carcinoma when the tumor concentrates sig- 
nificant amounts of I 131 can be detected almost any 
place in the body. Asa rule, thyroid carcinoma does 


not concentrate iodine very well and the procedure is 
of limited value. 


The I 131 tracer study can be further utilized 
to measure thyroid function by determination of the 
radioactive protein-bound iodine, (Fig. 2). The con- 
version of inorganic iodine into protein-bound, or 
hormonal, iodine is an essential gland function, and 
the measurement of such activity is obviously of 
value. Seventy-two hours after the ingestion of the 
test dose (it may be the same tracer dose used for a 
gland uptake or urinary excretion study), a blood 
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Fig. 2. Counter and scaler measuring the radio- 
activity of a urine or body fluid sample as used in 
thyroid function, blood volume studies, and cobalt 60- 
vitamin B. 


sample of specified amount is withdrawn and counted. 


In euthyroids, the radioactive iodine being returned 
to the circulation as hormonal iodine is not suffi- 


cient to give a radioactive count above a certain level. 


The inorganic iodine has been removed from the 
circulation by the thyroid gland or by kidney excre- 
tion and does not participate in the blood sample 
radioactivity. In hyperthyroidism, high values of 
radioactivity are noted in the blood sample due to the 
large amounts of I 131 converted into protein-bound 
iodine of the plasma. False positives may be ob- 
tained when renal retention of inorganic I 131 results 
in high blood radioactivity. These cases may be 
differentiated by precipitating the plasma proteins, 
and taking separate counts on the two fractions. This 
test of thyroid function appears even more accurate 
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Fig. 3. Small operature chamber has outlined 
an intrathoraic thyroid by its uptake of radioactive 
iodine. @ areas are areas of low count per minute, 
@ areas of high count per minute. 
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than in vivo counting of the neck or urinary excre- 
tion studies. An overlap zone is present between 
normal and hyperthyroids, but it is very small. 
Drugs, like iodine, thyroid extract, and thiourea 
derivatives, which pervert the mechanism and rate 
of formation and liberation of protein-bound iodine, 
make invalid this test, as they do the I 131 uptake 
and urinary excretion studies. The radioactive pro- 
tein-bound iodine test is far simpler in performance 
than the chemical protein bound iodine determination. 


CARDIOVASCULAR STUDIES 


The study of the circulation by tagged sub- 
stances offers much useful clinical information. 
Cardiac output is measured by the dilution method, 
using iodinated human serum albumin, (IHSA). Ifa 
small volume of highly concentrated material, in this 
instance 150 microcuries of IHSA, is injected into the 
venous system, the average dilution of the material 
coming out of the heart will be a direct indication of 
the volume passing through the heart and causing the 
dilution, If the change in dilution is measured for a 
definite period of time, the output can be expressed 
as volume of flow per unit of time. The dilution 
curve is obtained by counting the blood led from the 
femoral artery with a scintillation counter, and then 
calibrating the flow system in terms of microcuries 
per cc, by comparing the final record at final dilu- 
tion with the in vitro assay of blood withdrawn at the 
same time. As for many other procedures, the values 
of IHSA depend upon its non-diffusability out of the 
vascular system for a relatively long period of time. 
The method compares favorably with the older, more 
standard methods of cardiac output determination 
such as the Fick method. 

Utilizing any one of several tagged substances 
or radioactive electrolytes, peripheral vascular flow 
and circulation time may be measured, After the 
injection of the radioactive material into an arm 
vein, a counter placed over the extremity begins to 
record radioactivity, the curve of counts per second 
rising to a plateau. The initial detection of impulses 
indicates the arm to foot circulation time. The slope 
of the curve and the height of the plateau indicate 
the peripheral circulatory status. The tagged mate- 
rial mixes with the patient's blood, and achieves 
equilibrium. The faster the rate of mixing of the 
radioactive material with the blood, the faster the 
counting curve will rise. An ample circulation 
through the extremity is indicated by a fast rising 
curve, a poor circulation by a slowly rising curve. 
The height of the curve's plateau indicates the volume 
of the vascular bed measured by counts per second. 
This may be decreased in diseased extremities 
(arteriosclerosis). Since the radioactivity being 
measured is primarily within the capillaries this in- 
dicates a decreased capillary volume, When radio- 
active sodium, Na 24, is used in the study of the 
peripheral circulation, it diffuses out into the extra- 
cellular space, where it contributes to the radio- 
activity count of the extremity. The counts per sec- 
ond are a measurement then of this diffusion rate as 
well as the capillary circulation, whereas with IHSA, 
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which remains in the vascular system well beyond 
the measurement period, the counts per second in- 
dicate only the flow within the vessels. 

Body fluid compartments are studied by sev- 
eral different radioactive isotopes. All methods are 
based upon the dilution of an injected substance by 
the total amount of fluids, a method which has been 
extensively used with non-radioactive materials such 
as Evans blue dye. The essential difference is that 
the analysis of dilution is based on counts of radio- 
activity rather than on a chemical or colorimetric 
analysis. The radioactivity per milliliter of fluid 
after dilution is compared with the total injected 
activity, and the total fluid volume thereby calcu- 
lated. For blood volume, red cells may be tagged by 
radioactive P 32, Fe 55, Fe 59, Cr 51, or K 42, or 
IHSA may be used. The erythrocyte tagging meth- 
ods are most accurate for measurement of plasma 
volume. Either can be used to calculate whole blood 
volumes in conjunction with the hematocrit deter- 
mination, but total blood volume measurements by 
tagged red cell methods are lower than IHSA 
methods. This is because the average body hema- 
tocrit is lower than the peripheral vessel hemato- 
crit. For accurate evaluation of the whole blood in- 
dependent determinations of plasma and red cell vol- 
umes should be done. The extracellular field volume 
may be obtained by measurement of the dilution of 
radioactive sodium, which like the non-radioactive 
sodium does not enter blood or tissue cells. Total 
body water is likewise measured by the dilution ofa 
sample of deuterium. 


TUMOR DETECTION 


Diiodofluorescein and human serum albumen, 
“tagged” with radioactive iodine, are used in the de- 
tection of brain tumors. The presence of these sub- 
stances in any location in the body is made known by 
detecting the emitted gamma rays. The relative 
quantity of the tagged substance is measured by the 
number of impulses per unit time. After the giving 
of an intravenous injection of the tagged compound to 
the patient with a suspected intracranial lesion, a 
directional counter is placed on the patient's head, 
and the number of impulses at each of many positions 
is counted on the skull surface and compared with 
readings at symmetrical positions on the opposite 
side (Fig. 4). A significant difference between a 
focus and its adjacent area or a significant difference 
between identical right and left sided positions sug- 
gests a pathological area. Neoplastic tissue by virtue 
of its increased vascularity and its altered blood ves- 
sel permeability relationships contains more radio- 
active labelled material in a specific volume than 
does normal tissue, While neoplastic tissue produces 
a higher counting rate than normal tissue, an inflam- 
matory lesion may also show a high counting rate for 
the same reasons. Some neoplasms are cystic, some 
are necrotic or have little vascularity and therefore 
show little distinguishing differences from normal 
tissue, Other neoplasms are deep seated and cannot 
be localized. The technic using radioactive diido- 
fluorescein and a Geiger counter consumes much 
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Fig. 4. Diagram of scintillation counter being 
used in a brain tumor tracer study. Multiple specific 
areas are counted following the intravenous injection 
of radioactive human serum albumen and compared 
with exactly symmetrical areas of the contralateral 
side. Increased uptake of the isotopic compound may 
be noted in tumor tissue. 


time, 2-1/2 to 4 hours, and has been criticized for 

its lack of accuracy, The fluorescein rapidly leaves 
the circulation and the counts must be made within a 
limited period following injection. Using radioactive 
iodinated human serum albumen and scintillation 
counter, the counting procedure takes only 20 to 40 
minutes and is considered more accurate, The initial 
count need not be hurried and repeated counts are 
permitted, since the albumen is retained in the circu- 
lation in sufficient quantity for 24 to 72 hours. Serial 
uptake studies have led in some cases to the detec- 
tion of a focal lesion where a single set of counts had 
given doubtful values. P 32 and K 42 have also been 
used for brain tumor localization. K 42 is not very 
practical because of its short half life. P 32, a pure 
beta emitter whose rays cannot penetrate the skull 
can only be used for identification and delimitation of 
neoplasm from normal tissue at time of craniotomy 
with a special counter probe, Standard radiographic 
procedures of encephalography and ventriculography, 
whose accuracy approaches 100%, will not be replaced 
by the present tracer technics with radioactive mate- 
rials. When the standard procedures are not yet in- 
dicated or give equivocal information, tracer studies 
are indicated and valuable, They may help in diag- 
nosing an intracranial metastasis from a lung neo- 
plasm or in investigating a postoperative recurrence 
of a brain tumor, 

The same principle of differential concentration 
of a radioisotope in tumor and adjacent normal tissue 
is utilized in the detection of intraocular tumors. A 
definite increased concentration of P 32 in tumor tis- 
sue over that found in normal tissue has been previ- 
ously known. In addition to the postulated increased 
vascularity of a tumor, a rapid nucleic acid turnover 
and breakdown of the blood-tissue barrier account for 
the increased phosphorus content of the tumor. One 
half hour or more following an intravenous injection 
of a P 32 solution counts are made on the suspected 
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eye and the normal eye. The pure beta emitter P 32 
was purposely selected so that only the radioactivity 
within a few millimeters of a special probe-like 
Geiger counter would be counted, With a gamma 
emitter, the radioactivity for a more general area 
would be detected, rather than the radioactivity of a 
localized area. The procedure is valuable in deter- 
mining whether retinal separation is due to tumor, 
When the cause of retinal separation is obvious, or 
the presence of a tumor can be diagnosed with cer- 
tainty by other means, the radioactive phosphorus 
determination is not indicated. 

The differential concentration of human serum 
albumen tagged with radioactive iodine in tumor and 
normal tissue is utilized in the diagnosis of liver 
metastases. Postmortem analysis of tumor and ad- 
jacent normal liver tissue bears out this higher con- 
centration of IHSA in tumor tissue, Following an in- 
travenous injection of the radioactive material, counts 
are taken by scintillation counter at coordinated points 
over the lower thorax and upper abdomen overlying 
the liver. The counting values are compared with 
control values obtained from a large series of normal 
patients. Abnormally high values are suggestive of 
liver metastases. A high accuracy is claimed for the 
method, but errors have occurred when ascites is 
present, and when there are inflammatory processes 
in the liver or adjacent organs, 


VITAMIN B 12 - COBALT 60 


Radioactive cobalt (Co 60) labelled vitamin B12 
is very useful in the laboratory diagnosis of perni- 
cious anemia. The test has greatest usefulness in 
patients who are suspected to have pernicious 
anemia, or who have already been treated with Vita- 
min B 12 or folic acid, yet the diagnosis is not cer- 
tain. When the anemia is obvious from a clinical 
standpoint, the laboratory test confirms the diag- 
nosis. 

Several different modifications of the test have 
been proposed, all based on the pernicious anemia 
patient’s inability to properly absorb vitamin B 12 
from the gastrointestinal tract, due to a deficiency 
of intrinsic factor provided by the stomach, and his 
improved absorption of B 12 after intrinsic factor is 
administered. The natural vitamin B 12 molecule 
contains cobalt. By substitution of radioactive 
cobalt 60 into the compound, its presence in extreme- 
ly small amount can be detected by proper counting 
equipment. 

Quantitation of the absorption and excretion of 
an oral dose of cobalt 60 labelled vitamin B 12 can 
be made in several different ways. One method is 
to measure excretion in the stool, the pernicious 
anemia patient excreting more labelled B 12 than 
does the normal patient. Another is to measure by 
external counting the amount retained in the liver. 
The emission of gamma rays which easily penetrate 
the liver substance and the abdominal wall makes 
this method feasible. The normal liver will be found 
to contain more B 12 than that of the P.A. patient. 
Minute amounts of Co 60 in the blood are measurable, 
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the pernicious anemia patient absorbing less radio- 
active B 12 into the circulation than does the normal 
patient. 

The most acceptable method is that devised for 
measuring the Co 60 in the urine, after its original 
absorption from the intestine, circulation in the blood, 
and excretion into the urine (Schilling test). One or 
two micrograms of cobalt 60 labelled vitamin B 12 
are given to the fasting patient. Two hours later, 
1900 micrograms of non-radioactive vitamin B 12 are 
given intramuscularly, to saturate the vitamin B 12 
binding capacity of the plasma, and allow the absorbed 
radioactive B 12 to be excreted by the kidney in suffi- 
cient amount for accurate counting. It is termed a 
“flushing” dose. Commencing at this time, a 24 hours 
urine specimen is collected. An aliquot is counted 
for activity in a well type scintillation counter (Fig. 2), 
and the total amount excreted is expressed as a per- 
centage of the previously administered radioactivity. 
Normal subjects excrete from 7 to 22%; pernicious 
anemia patients excrete from 0 to 2.3%. With the 
addition of intrinsic factor by mouth, and repeating of 
the test, pernicious anemia patients increase their 
excretion per cent into the normal range. 

Total gastrectomized patients, who also do not 
have intrinsic factor, have greatly impaired absorp- 
tion of B12. Test results with radioactive B 12 are 
essentially the same as with pernicious anemia pa- 
tients. When intrinsic factor is supplied to gastrec- 
tomized patients, they absorb B 12 more normally. 
Sprue and pancreatic insufficiency states show im- 
paired B 12 absorption, which will not respond to the 
giving of intrinsic factor, thus indicating the primary 
disturbance to be one of intestinal malabsorption, not 
of lack of intrinsic factor (Krevans). 


The survival time of red blood cells tagged 
with radioactive chromium, Cr 5l, is of value in the 
study of hemolytic anemias. Increased rate of red 
blood cell destruction is manifested by a shortened 
survival time as compared to the normal. Radio- 
active iron, Fe 59, has been used to estimate the 
rate of red blood cell formation. 


Tests of Gastrointestinal Function 


A test of pancreatic function depends upon the 
known ability of the organ to split fats so they may be 
absorbed from the intestine. For some time, chemi- 
cal analysis of stool fat has been relied upon to indi- 
cate pancreatic insufficiency. The administration of 
glycerol trioleate (triolein) tagged with radioactive — 
I 131 is a simpler, easier technic. Pancreatic lipase 
splits the labelled triolein allowing it to be absorbed 
into the circulation where it can be measured in a 
blood sample by the number of emanations in a unit 
of time, or the feces analyzed for radioactivity. An 
adjunct, is the prior giving of Lugols solution to pre- 
vent uptake of any liberated iodine by the thyroid 
gland. In pancreatic dysfunctions, such as chronic 
pancreatitis, a subnormal level of radioactivity is 
found in the blood, and an excessive level of activity 
in the stool after I 131 labelled triolein meal. 
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Similar subnormal levels are found in sprue and other 


malabsorption syndromes. 

An associated test is the oral administration of 
radioactive oleic acid. The pancreatic secretion is 
not necessary for absorption of this material, so that 
in pancreatic disease, blood levels of this compound 
are still normal. When malabsorption is present, the 
blood level of I 131 labelled oleic acid is lower than 
normal. The two isotopically labelled materials, 
triolein and oleic acid, used in successive tests can 
differentiate a digestive, pancreatic deficiency from 
an absorptive, intestinal wall defect. 

Similar technics involving labelling of protein 
with I 131 to gauge hydrolysis and absorption of the 
protein. Subnormal levels of radioactivity in the 
blood or in the urine or excessive activity in the 
feces indicates pancreatic insufficiency. 


Rose bengal, labelled with I 131, is taken up 
and exectad be the polygonal cells of the liver as is 
the non-radioactive rose bengal. The gamma radia- 
tion of the compound allows measuring of its accu- 
mulation in the liver, and then its excretion via the 
bile ducts into the intestines by external counting 
over the liver and abdomen, or its rate of disappear- 
ance from the blood can be measured by external 
counting of a stable vascular area such as the head. 
In various types of parenchymal liver disease, the 
rate of disappearance of radioactive rose bengal 
from the blood is slower than normal, and its rate of 
accumulation in the liver is also slower than normal. 
Extrahepatic obstruction of the bile ducts is indi- 
cated by delayed rise of counts over the lower abdo- 
men, while intrahepatic biliary obstruction shows a 
normal or decreased time or rise (Blahd). 


Radioactive Renogram 


Radioactive Diodrast is employed in a test of 
kidney function. The ordinary Diodrast compound as 
used in intravenous urography, having been labelled 
with Iodine 131 is injected in small measured amount 
intravenously after two scintillation counters are po- 
sitioned at the patients back, one pointed over each 
kidney. Recordings of increase and disappearance of 
radioactivity are then made for each kidney. A nor- 
mal recording consists of an initial sharp rise in 
activity corresponding to the flow of blood carrying 
labelled Diodrast through the vascular bed of the kid- 
ney. A secondary high rise in activity on the record- 
ing is due to the tubular secretion of the Diodrast. 
The slope of fall of the second curve to background 
levels indicates the disappearance or clearance of 
Diodrast from the renal tissue and collecting system, 
and is dependent upon an unobstructed ureter (Taplin). 

The test is rapidly performed and is simple to 
do, requiring only an intravenous injection and po- 
sitioning of the counters. Each kidney is tested sep- 
arately without the instrumentation necessary to iso- 
late the urine from each ureter. A non-functioning 
kidney is indicated by a reduced vascular curve and 
absence of a secretory curve. Acute ureteral ob- 
struction as would be caused by stone results ina 
prolonged secretory curve which rises higher than 
normal. A hydronephrosis has curves indicating 
lowered vascular capacity, and a slower, prolonged 
uptake with delayed clearance. 

The radioactive renogram has been used effec- 
tively to screen hypertensive patients suspected to 
have unilateral renal disease. Used in this way, the 
renogram appears to be a more sensitive procedure 
than pyelograms for detecting kidney abnormalities. 


QUESTIONS ON ISOTOPES 


1. What general properties of radioactive isotopes make them useful in “tracer” studies? 


2. Why is P 32 useful in some diseases of the blood forming tissues? 


3. What is the place of isotope studies and what is their reliability in the diagnosis of thyroid disorders? 


4. Thyroid function testing is dependent upon what properties of I 131? Therapy of hyperthyroidism is 


based upon what properties of I 131? 


5. What is the value of an isotope study in brain lesions? How is it carried out? 


6. What is a background count? Geiger counter? Scintillation counter? How do they differ from recording 


by a scaler? 


7. List the ways in which radioactive colloidal gold has been used and describe the method of its action. 
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Chapter XXVII 


PROTECTION OF THE PATIENT IN DIAGNOSTIC RADIOLOGY 


Protection of the human body from excessive 
radiation has long been the concern of physicians and 
research scientists. Protection in diagnostic medi- 
cal radiology is one part of the problem. Industrial 
exposure, radiation from atomic weapons and at- 
mospheric fallout, natural radioactivity of the en- 
vironment, therapeutic radiation, dental radiology, 
and diagnostic and therapeutic use of isotopes are 
other parts. Radiation is given intentionally as in 
diagnosis and therapy. Other forms of exposure are 
largely unintentional. In Medicine, the radiologist 
has always been most intimately concerned with pro- 
tection of the patient receiving the radiation inten- 
tionally and with protection of the personnel involved 
in giving the radiation, who are in danger of receiv- 
ing unintentional radiation. 

The damaging effects of medical radiation are 
both overt and definite and hidden and possible. 
Overt damage from diagnostic radiation is highly 
improbable with modern equipment and technics. 
The amount of radiation to induce a skin tumor, to 
arrest a growing bone, or to cause sterility is 
beyond the range of properly conducted diagnostic 
examination. 

The hidden and possible hazards are genetic 
damage, interference with intrauterine organogene- 
sis, induction of leukemia and tumor, and a life 
shortening effect. The evidence for each of these 
hazards is incomplete and much debated. As more 
knowledge is accumulated, it will become apparent 
what the magnitude of risk truly is, if any. The 
present evidence is sufficient however, to advocate 
the minimizing of the radiation dose whenever it is 
feasible to do so, without interfering with a high 
quality of medical care. 

From a physical standpoint, certain technics 
and methods are available for minimizing exposure 
of the patient. These technics are in the province of 
the radiologist and the x-ray technician. They in- 
clude proper collimation of the x-ray beam and limi- 
tation of field size, the use of fast film and accurate- 
ly timed developing, filtration of the x-ray beam, 
preference for high KV technic, and elimination of 
stray radiation by shielding of the x-ray tube, limi- 
tation of the output of fluoroscopes, and shielding of 
the gonads. Dose of radiation can further be mini- 
mized by utilizing newer equipment, such as elec- 
tronic image amplifiers. 

A second aspect of medical radiological safety 
depends on the radiologist, who has been trained in 
getting the maximum amount of information with the 
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least amount of exposure to the patient from a physi- 
cal basis as mentioned. His knowledge includes the 
proper use of x-ray equipment, both fluoroscopic 
and radiographic, with an awareness of all safety 
precautions. More importantly, he knows when one 
technic or examination is indicated and when it is 
likely to yield useful information or when it is not, 
or he knows which of several technics is best, 

and how often and at what intervals they need be re- 
peated. 

The primary responsibility for radiation safety 
falls upon the physician, whether he be generalist or 
specialist. He must decide whether an x-ray exami- 
nation is worth while. He must determine if it will 
help him make a diagnosis or whether it will be su- 
perfluous. When diagnosis can be made by non- 
radiological means, it should be preferred. He should 
know that added caution should be exercised in the 
child and young adult. He should weigh more careful- 
ly the examination when the gonads can not help but 
be directly exposed. In the pregnant woman, particu- 
lar care to minimize exposure is important. 

From a day-to-day viewpoint to what guides can 
the physician take to minimize risk of radiation to his 
patient? Examination of the extremities and the skull 
are for practical purposes without risk in any age 
group. In the adult beyond the reproductive years, 
x-ray examination of all body parts is without appre- 
ciable risk. Likewise, the frequency of examination 
in this age group is of little importance. Caution 
should be mainly reserved for the child and young 
adult. Here the physician has the most responsibility 
to try to balance the possible slight risk to the patient 
against the information gained. Examination should 
not be routine, but based on individual need at each 
instance. With good shielding of the gonads and limi- 
tation of exposure to the parts that are to be visual- 
ized, only a few examinations produce significant ex- 
posure even in this age group. Only pyelograms, pel- 
vic and hip films, gastrointestinal tract and abdominal 
examinations and films of the lower spine are to be 
placed in this category of special caution and question- 
ing before utilization. In the pregnant patient, no ex- 
amination should be routine. Indications should be 
more urgent and threat to health and life more seri- 
ous before x-ray examination is performed than in 
any other patient group. The possibly-pregnant pa- 
tient should be excluded from radiation, for the 
earliest pregnancy, not yet realized by the patient is 
most susceptible to radiation injury. 
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Abbott, Maude, Classification of Cardiac Anomalies, 326 
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Aberrant Pancreatic Tumor, 376 
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Perinephritic, 451 
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Periurethral, 455, 456 
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494, 495 
Tooth, Acute and Chronic, 473 
Absence of Bone of Upper Extremity, 171 
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Accessory Nasal Sinuses, Roentgen Anatomy, 465, 466 
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Fracture of, 26 
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Acoustic Nerve Tumors, 477, 480 
Acrania, 161 
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of Lung, 256 
Acute, Appendicitis, 404, 405 
Arthritis, 197 
Caseous Tuberculous Pneumonia, 253 
Coronary, 312 
Gaseous Cholecystitis, 431A, 434, 431A, 434 
Pericarditis, 315 
Polyarticular Rheumatism, 197 
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Adenomatosis of Lung, 246, 247, 268, 269 
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Adhesions, Diaphragmatic, 277 
Periduodenal and Cholecystic, 388 
Pleuropericardial, 316 
Adhesive Pericarditis, 315, 316 
Adrenal, 121, 458 
Tumors, 121, 456, 458 
Calcification in, 121, 458 
Diagnosis by presacral air study, 457 
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Ampulla of Vater, Car., 387 
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of Small Bowel, 402 
Analysis of Bone Pathology, 77 
Anatomical Variations, Dwight’s—(Bogart), 172, 173 
Anatomy of, Appendix, 403 
Colon, 409 
Duodenum, 385 
Jejunum and Ileum, 391 
Lungs, 223 
Mastoids, Roentgen, 469 
Urinary Tract, Roentgen, 439 
Anemia, Erythroblastic, Mediterranean, 143 
Anemia Hemolytic, 144 
Anemia, Sickle Cell, 144 
Anemias of Childhood, Bone Manifestation in, 143 
Aneurysm, Aortic, 314, 315 
Bone, 181, 184 
Cardiac, 313 
Calcification in cerebral angiography, 478, 479 
of Carotid Artery in Skull, Wall of, Calcified Deposits 
in, 478 
Dissecting, 314 
of Popliteal Artery, 80 
of Renal Artery, 451, 458 
Sinus of Valsalva, 337, 338 
Angiocardiography, 312, 317, 319, 321, 323, 329, 339 
Angiomata, Intracranial, 184, 481 
Angioma of Bone, 179, 181, 184, 185 
Angioma of Lung, 267, 270 
Angiopneumography, 226 
Angina Pectoris in Heart Disease, 313 
Ankle, Dislocation of, 45 
Epiphyses of, 52 
Evulsion of, 21 
Fracture of, 19, 20, 45 
Ankylosing Spondylitis, 202, 203 
Annular Pancreas, 387B 
Annular Shadows, 241 
Anomalies, Aortic, Coarctation, 321, 324 
Aortic Septal Defect, 325 
of Bone, 159, 161 
Bronchial, 229, 238, 240, 241, 264 
Cardiac position, 326 
Cervical Spine, 165, 166 
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Granulations, 263, 264 
Hyaline Membrane Disease, 261 
Massive, 261 
Meconium Ileus, with, 397 
Platelike, 264 
Segmental, 263, 264 
Tuberculous, 264 
Atonic Stomach, 368 
Atresia, of Esophagus, Congenital, 362 
Atria (Air Sacs, Vestibules of), 228 
Atrophic, Arthritis, 201 
Sinusitis, 467 


Atrophy, Bone, (Osteoporosis), 2, 68, 77, 78, 79, 201, 317. 


Post-Traumatic Acute, Sudeck’s Atrophy, 68 
Convolutional, of Skull, 80, 478, 479 
Pressure, 80 
of Quantity, 80 
Atropine, 359 
Auditory Canal, Roentgen Examination, 477, 478 
Auerbach’s Plexus, 359 
Auricular Septal defects with pul. stenosis, 332, 335 
Avitaminosis, 401 
Avulsion of Brachial Plexus, 493 
Avulsion Tibial Lateral Ligament, 46 
Axial Torsion Colon, 416 
Ayerza’s Disease, 241, 242 
Azotemia, 240, 249A 
Biligrafin, action of, 432, 433 
Azygos Lobe of Lung, 229 
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Backflow, Pyelovenous, Lymphatic, Tubular, 442 
Bacterial Infections of Lung, 242 
Bacterial Toxins in Bone Infections, 97 
Bagasse Disease, 258B 
Baker’s Cyst, 73, 74 
Bamberger-Marie’s Disease, 115 
Baridol, 415 
Bardeen’s Heart Measurements, 302 
Bariatosis, 260 
Barium Sulph., Effect on Lung, 238 
Barlow’s Disease—Scurvy, 91, 92 
Basal Cell Epithelioma, 511 
Basal Impression, 164 
Basilar Invagination, 164 
Basophilic Adenoma, 123, 480 
Basophilism (Cushing Syndrome), 123 
Bechterew’s Spondylitis (Hypertrophic Spondylitis), 203 
Bell Fracture Table, 4 
Bence-Jones Bodies in Urine, 187 
Benign Tumors, of bone, 181, 182, 183 
of lung, 270, 271, 272 
of soft parts, 183 
of stomach, 375 
Treatment of, 507-510 
Bennet’s Fracture, 7 
Benzidrine, 350 
Betatron, 348 
Beryllium, Poisoning, 260 
Pneumonitis, 260 
Beta Particles, 508, 509, 521 
Bezoar, in stomach, 378 
Biconcave Vertebra, 130 
Bifurcated Kidney Pelvis, 450, 451 
Bifurcation of Coccyx, 167 
Bilateral Pneumothorax, 276 


Bile Duct, Common, Gallstones in, 432, 433, 434 
Bile Ducts, Visualization of by Opaque Injection, 431B, 432, 
433 
Bile, Milk of Calcium, 429 
Biliary Fistula, 387B, 388A, 434 
Biliary Tract, 425-435 
Biligrafin, action of, 432 
BING’S Classification Congenital Heart Dis., 327, 328 
Biological Effect Radiation, 509, 510 
Bi-Plane Fluoroscopy of Fractures under Traction, 3 
Bircher’s Double Contract Method, 46 
Bladder, Urinary Abnormalities in Size and Shape of, 452 
Air Cyst of, 455 
Carcinoma of, 453, 454 
Congenital construction of, 456 
Diverticula of, 452, 453 
Exstrophy of, Pelvic Deformity with, 170 
Fistula, 453 
Foreign Bodies in, 452 
Infections of, 455 
Methods of Examination, 452 
Neck Constriction, 455, 456 
Neurogenic, 453, 456 
Pneumocystography, 452 
Rupture of, 454 
Stones, 452 
Trabeculation, 453 
Tumors, 454, 455 
Valves, Congenital, 453 
Blast, Effect on Lung, 273 
Blastomycosis Infection of Lung, 256 
of Bone, 115, 116 
Bleeding into Pleural Cavity, 272, 273, 274 
Block Vertebra, 166 
Blood Dyscrasias, 143 
Blood, Incompatible, 249 
Blount’s Disease, 174 
Blue Sclera, 123 
Body Section Radiography (Tomography), 5, 6 
in Cholecystography, 432 
in fine bony defects, 5 
in sinus examination, 468 
Boeck’s Sarcoid, 205, 281 
Bone, Absence of in Lower Extremity, 172 
Actinomycosis, Fungus Infections of, 115 
Aneurysm, 183 
Angioma of, 182 
Atrophy (Osteoporosis), See Atrophy of Bone 
Blastomycosis of, 115, 116 
Centers, Appearance and Union of (Engelbach and 
McMahon), Table II, 58 
Chalky, 201 
Changes in Lymphatic Leukemia (Leukocytemia), 143 
Changes in Lymphoblastoma (Hodgkin’s Disease), 190 
Changes in Varicose Ulcer, 68 
Chronic Abscess of—Brodie’s Abscess, 105 
Coccidioidal Granuloma of, 116 
Condition of Cortex in Infections of, 101 
Cranial Thinning of Areas in, 164 
Cyst—Baker’s, 73, 74 
Cyst, Solitary and Giant-Cell Tumor, 130, 182, 183 
Destruction in Diseases of Bone, 77 
Development, X-Ray Examination for epiphyseal — 
Engelbach and McMahon, Table ITI, 59 
Diseases of the, 77 
Ecchinococcus Cyst of, 117 
Embolism, 73 
Erosion Produced by Tumors (Skull), 477 
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Enlargement, 302-306, 345 
Idiopathic hypertrophy, 339 
Muscle defects, 346 
Measurements, 302-320 
Position, anomalies, 325 
Shadow, Slide Rule for Calculation of Size of, 302, 304 
Surgery, 319 
Vascularity of lungs, 341 
Cardioangiography, 318-338 
Cardiospasm of Esophagus, 284, 359, 360 
Cardio-vascular System, Use of Isotopes in, 517-523 
Caries of Teeth, 473 
Carotid Artery, Calcifications, 477, 478 
Carpal Bones, Centers of, Ossifications, 50 
Dislocations, 41 
Fractures of, 8 
Osteitis, Traumatic, Keinb6ch’s Disease, 65 
Cascade Stomach, 381 
Catarrhal Sinusitis, 466 
Catheterization of Heart, 318, 328-345 
Cavernous Hemangioma Lung, 269 
Cavities, Tension, 253, 265, 266, 267 
Tuberculous, 253 
Non-tuberculous, 259 
Cecum, Descent of, 409, 410, 411 
Mobile (Inverted), 411 
Spasm, 404, 405 
Celiac Disease, 400, 401 
Celomic Pericardial Cyst, 346 
Centers, Epiphyseal—Table I, 56 
Aneurysim, 487 
Cerebral, Angiography, 487, 488 
Aqueduct, 481-484 
Calcifications, 478, 479 
Cerebrospinal Blockage, 483 
Cerebrospinal Fluid Circulation, 481 
Cervical Ribs, 168, 169 
Cervical Spine, Dislocation of, 31, 48 
Epiphysis, 55 
Fractures of, 31, 32 
Hyperextension, whiplash injury to, 33, 66 
Chalk Gout, 93, 201 
Chalky Bone, 134, 135 
Chamberlin-Towne Position in Eighth Nerve Tumors, 477, 
478 
Charcot Joint, 149, 204 
Chemical findings in bone neoplasms, 79 
Chemotherapy, in Lung Infections, 244, 250, 251 
Chest, (See Specific Organs) 
Chickenpox Pneumonia, 247 
Chip Fractures of Joint Margins of Hand, 7 
Chloroma, 193 
Cholangiography, 430, 431, 431B, 432 
Intravenous, 432, 433 
Operative, 432, 433 
Oral, 430 
Percutaneous, 434 
Cholecystitis Adhesions, and Periduodenal, 388 
Cholecystography 
in Infants, 431A, 431B 
Intravenous, 432 
Oral Method, 430, 431B 
Cholecystokinin, 433 
Cholegrafin, intravenous for visualization of bile ducts, 
432, 433 
Cholesteatoma, 472 
Cholex, 430 
Chromophobe Cell Adenoma, 122 
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Chondroblastoma, 184 
Benign, 184 
Chondrodystrophia Calcificans Congenita, 130 
Chondrodystrophia Foetalis (Achrondroplasia), 126, 159, 
161 
Chondroma, 181, 182, 184, 194A 
Benign, 184 
Chondromatosis, 206 
Chondromyxo Sarcoma, 186 
Chondroosteodystrophy (Morquio’s Disease), 130 
Chondrosarcoma, 185 
Chordoma, 480 
Chondroblastic Sarcoma, 187 
Chondroblastoma, Benign, 184 
Chondroblastic Sarcoma, 187 
Chronic, Abscess of Bone, Brodie’s Abscess, 105 
Appendicitis, 405 
Arthritis, 201 
Hemolytic Icterus, 145 
Interstitial Fibrosis, 251, 254 
Massive Thrombosis of Pulmonary Arteries, 238, 239 
Osteomyelitis, 105 
Circulation 
Cerebrospinal Fluid, 481 
Disturbances, Lungs, 238, 239, 240 
Studies with isotopes, 523, 524 
Cisterna Magna, Oil Injection into, 490, 491 
Clavicle, Epiphysis of, 51 
Fracture of, 17 
Clayton and Merril’s Table of Heart Measurements, 305 
Cleidocranial Dysostosis, 162, 163 
Clinical Classification, Cardiac Defects, 327, 328 
Clinical History in Diagnosis, of Bone Pathology, 77 
Cloaca, 101 
Cloaking of Periosteum, 143 
Club- Fingers in Pulmonary Osteoarthropathy, 207 
Club- Foot, 174, 175 
Coarctation, Aortic Anomalies, 316, 319, 320, 321 
Cobalt-60, 617, 525 
Cocciciodal Granuloma, of Bone, 116 
of Lung, 256 
Coccidioides Immitis Infection, 117, 256, 257, 258 
Coccyx, Bifurcation of, 167 
Dislocation of, 48A 
Fracture of, 38 
Cochlea (Skull), Roentgen Examination, 470, 471 
Colitis, Luetic, 412 
Mucous, 413 
Simple Acute, 411A 
Tuberculous, 411B 
Ulcerative, 411B 
Collagen Diseases, 248, 249, 249A 
Collateral Reading, 528, 529 
Collateral Tibial Lig.; Calcification of, 70 
Colles’ Fracture, 9, 10 
in Army, Servicemen, 10 
Colloidal Thorium Dioxide (Injection Medium), 485, 486 
Colon, Abnormal Development, 409, 410 
Acute Colitis, 411A 
Anatomy of, 409 
Axial torsion, 413 
BARIDOL in colon examination, 415, 416 
Carcinoma of, 414, 415, 413B 
Diverticulitis of, 416, 417, 419 
Duplication, 411A 
Examination of, 409 
Intussuception, 413, 414 
Malfusion mentum, 411A 
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Megacolon, 411, 412 
Nonrotation of, 411 
Obstruction of, 413, 414, 415 
Polyposis of, 415 
Redundancy, 412, 413 
Rotation of, 409 
Roentgenological Examination of, 410 
Spasticity of, 412 
Ulcerative colitis, 411B 
Tuberculous colitis, 411B 
Volvulus, 416 
Common Duct Stone, 432 
Compression, Fracture Spine, 32, 33 
Fractures of Condyles of Tibia, 21 
Tracheal, 234 
Condition of Cortex, in Infections of Bone, 78, 101 
in Subperiosteal Type Osteomyelitis, 101 
Condyle Mandible Fracture, 30 
Condyles of Femur of Knee, Fractures of, 23 
Lower Humerus, Fractures of, 15 
Congenital, Absence of Articular Processes, Spondylolis- 
thesis Resulting from, 167 
Absence of Bones, 173 
Absence of One Side of Diaphragm, 279 
Absence or Fusion of Cervical Spine (Klippel- Feil 
Syndrome), 165, 166 
Anomalies and Anatomical Variations of Bones, 159 
Anomalies of Heart, 316-345 
Atresia of Esophagus, 358 
Bing’s Classification, 327, 328 
Cong. Cardiac Defects, 317-339 
Coxa Magna, 206 
Coxa Vara, 170 
Cysts of Lung, 267, 271 
Differential Diagnosis, 340-345 
Dislocation of Hip, 169 
Heart Disease, 317-339; diagrams of, 340-346 
Mitral Stenosis, 339 
Pseudoarthrosis, 173 
Syphilis, 112, 113 
Valve Urethra, 454 
Congenitally Short Esophagus, 284, 358, 362 
Congenital Origin, Bone Tumors of, 77 
Constriction, Obstruction and Kinking of Ureter, 442-445 
Constriction, Benign, of esophagus, 355, 358, 359 
Constrictive Pericarditis, 315, 316 
Contrast Visualization of liver and spleen, 496 
Convolutional Atrophy (Skull), 80, 480, 481, 481A 
Coprolith, Appendiceal, 404, 405 
Cor Biloculare, 338 
Cor Pulmonale, 312 
Cor Triloculare, 339 
Coronary, 312, 339 
Coronary Infarction, 312 
Coronoid Process of Ulna, Fracture of, 13 
Cortex, Condition in Diseases of Bone, 78 
Condition in Infections of Bone, 101 
Condition of in Subperiosteal Type Osteomyelitis, 101 
Cortical Atrophy from Trauma, 485 
Cortical Necrosis—Brain, 485 
Kidney, 449 
Coutard Method, 510 
Coxa Magna, 68, 206 
Coxa Plana, 86 
Coxa Vara, Congenital, 170 
Cranial Bones, Thinning of Areas in, 164 
Craniopharyngeoma, 480, 481 


Craniosclerosis, Hyperostosis Cranii (Leontiasis Ossea), 
133, 134 
Cretinism, 121 
Cuboid, fracture, 18 
Cunningham’s Sol., 452 
Curling Esophagus, 363 
Cushing Syndrome (Basophilism), 123 
Cyanotic group congenital heart disease, 327, 328 
Cyst, Baker’s, 73 
Balloon, of lung, 266 
Bladder, Air, 454 
Bone, 82, 129, 130, 131, 133, 134, 182, 183 
Brain, from Fractured Skull, 29 
Dentigerous or Follicular, 475 
Dermoid, 
Echinococcus, 271 
Gastric, of Mediastinum, 362, 363 
Kidney, Solitary, 447, 448 
Lung Congenital, 265, 266 
Pancreatic, 387, 388 
Pericardial, 346 
Pituitary, 478, 479 
Cystitis Emphasematosa, 454 
Cystograms, 452 


Dactylitis, Syphilitic, 114 
Tuberculous, 109, 110 
Danelius, G., 28 
Deciduous Teeth, 473 
Decompensation, Cardiac, 313 
Deforming Osteochondritis, 66 
Deformities of Skull in Head Injury, 479 
“Stress Coat” Technique, 479 
Dental Root Cysts, 475 
Dentigerous or Follicular Cyst, 475 
Depression of Fragments, Determination of in Fractures 
of Skull, 27 
Dermatomyositis, 249 
DESMOID Tumors, 416 
Descent of Cecum, 409 
Development of Colon, Abnormal, 409, 410 
Development of Great Vessels, 318 
Dextrocardia, 326 
Dextraversion, form of, 325, 326 
Diagnosis, Clinical History in, 79 
Congenital Conditions in, 79 
Differential Roentgen, 77 
Diagrams of Pulmonary Circulation, 231, 318, 320, 325, 
326, 329-339 
Diaphragm, 278 
Anomalies of, 278 
Diaphragmatic, Adhesions, 278, 314 
“Flutter,” 279 
Hernia, 278, 279, 313, 316, 364, 365, 378A 
Congenital Deformities in, 279, 364, 364A 
Diaphragm, Congenital Absence of One Side of, 278, 279, 280 
Deformity of, 278, 279 
Eventration of, 278, 279, 364, 379 
Immobilization of, 277 
Paradoxical Action, 279 
Paralysis of, 278 
Roentgen Examination of, 230, 278 
Scalloping Deformity of the, 277 
Tenting of, 278 


Diaphyseal Aclasia, Multiple Osteomata, 127 
Diapoedetic Hemorrhage (Stomach), 377 
Diastematomyelia, 492, 493 
Diiodofluorescein, in detection of brain tumor, 524 
Dilatation of Kidney Pelvis, 442-445 
Dilatation, idiopathic of pulmonary artery, 325 
Dilated Ventricles Filled with Air, 481-486 
Dionisil, 234, 237 
Diodrast in Cholangiography, 432 
Diploetic Mastoid, 469 
Direct Extension Type of Osteomyelitis, 104 
Disc Atelectasis, 264 
Discography, 35, 36, 493, 494 
Disease, Albers-Shoenberg (Osteopetrosis), 135 
Bamberger-Marie’s, 207 
Barlow’s (Scurvy), 91, 92 
Gaucher’s—Xanthomatosis, 138, 139 
Hand-Schiller-Christian, 137, 138 
Hirschsprung’s Megacolon, 410 
Hodgkin’s, 190, 191 
Kashin-Beck’s, 157 
Kienbéck’s—Traumatic Osteitis of Carpal Bones, 65 
Kohler’s Tarsal Navicular, 85, 87 
Second Disease Patella, 87 
Kimmell’s—Spondylitis Traumatica Tarda, 66 
Legg-Calve-Perthes’, 86 
Maffucci, 128 
Marie-Striimpell (Spondylose Rhizomelique) —Spondylitis 
Ossificans Ligamentosa, 202, 203 
Marquio-Brailsford, 128 
Niemann-Pick’s—Xanthomatosis, 137 
Ollier’s—Dyschondroplasia, 128 
Osgood-Schlatter’s—Epiphysitis of Tibial Tubercle, 87 
Paget’s—Osteitis Deformans, 132, 133, 134 
Points of Origin, 77 
Raynaud’s, 150 
Schmor]’s—Injuries to Nucleus Pulposus, 36 
Schiller-Christian, 138 
Sinding- Larson’s, 87 
Stieda’s, 70 
Still’s, 203 
Von Recklinghausen’s, 151 
Dislocation, Acromioclavicular Articulation, 44 
Ankle, 45 
Astragalus Talus of Foot, 45 
Carpal Bones, 50 
Cervical Spine, 48, 48A 
Coccyx, 48A 
Condyle of Mandible, 47 
Dorsal- Lumbar Spine, 48 
Elbow Joint, 42, 43 
Foot, 45 
Hand Phalanges, 41 
Hip, 46A, 169 
Jaw, 47 
Knee, 46 
Knee, Irreducible, 46 
Mandible, 47 
Mouth, 47 
Radius, 43 
Sacro-lliac Joint, 48A 
Scaphoid-Astragalar Joint of Foot, 45 
Shoulder, 43, 45 
Temporomandibular Joint, 47 
Tibiofibular Joint, 46 
Toes, 45 
Vertical Talus, 45 
Wrist Joint, 41, 42 
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Displacement, Tracheal, 234 
Diverticulitis, 416, 417 
of colon, 417 
Diverticulosis, 416 
Diverticulum, 
of Appendix, 404 
of Bladder, 453, 454 
of Colon, 360 
of Duodenum, 386 
of Esophagus, 360 
Meckel’s, 399, 400, 413A 
of Small Intestine, 386 
of Stomach, 377B 
Dolichocephaly, Long Skull, 162, 163 
Dorsal and Lumbar Spine, Fractures of, 34 
Dorsal- Lumbar Spine, Dislocation of, 48 
Dorsum Sellae, 488 
Double Aortic Arch, 322 
Drug, Hypersensitivity, 249 
Effect on intestines, 400 
Ducolax, 439 
Ductus Alveolaris, 229 
Ductus Arteriosus, 315, 318, 319, 343 
with reverse flow, 319 
Duodenal Extract for Bile Stimulation, 427 
Dumbbell Tumor, of Chest, 282 
of Spine, 282 
Dunham’s Fan in Pulmonary Tuberculosis, 252 
Duodenitis, 386 
Duodenum, Anatomy of, 385 
Atresia of, 387A 
Brunner’s Glands, Dilatation, 387 
Diverticulum of, 386, 387 
Extrinsic Lesions of, 387A, 387B 
Functional Lesions, 388 
Gall Bladder Pressure on, 388 
Hematoma of, 387 
Megaduodenum, 387 
Neoplasmas of, 387 
Obstruction of, 387 
Pancreatic Cyst, Pressure, 387 
Pathology of, 385 
Roentgen Examination of, 385 
Spasm of, 385, 388 
Tumors of, 386, 387 
Ulcer of, 385, 386 
Duplication, of Colon, 411 
of Cardiac Shadow, 313A 
Dwarfism, Renal, 156, 157 
Dwight’s Anatomical Variations— Bogart from, 173 
Dyschondroplasia, 128 
with Hemangeomata, 128 
Dyscrasias, Blood, 143 
Dysentery, Amebic, 412 
Dysphagia, Sideropenic, 364A 
Dyskinesia, 433 
Dysplasia, Epiphysealis Hemimelica, 128 
Familial Metaphyseal, 136, 137 
Progressive, 136 


Ebstein’s Anomaly, 333 
Eburnation of Bone, 78, 204 
Ecchinococcus Cyst, of Bone, 117 
of Lung, 271 
of Mediastinum, 282 
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Hernias, 378, 379 
Invagination, 381 
Linitis plastica, 374 
Meniscus sign, 373 
Neurofibroma, 377 
Neuroses, 380 
Operative procedures, 381, 382 
Polyp, multiple, 377, 377A 
Post-irradiation, 377A 
Resection, 382 
Stellate—Semilunar Impression, 368, 369 
Spasm, 380 
Tuberculosis, 377A 
Tumors, 375 
Ulcer, 370-372 
Conditions Influencing Character of, 372 
Indication of Malignancy, 372 
Multiple, 372 
Resection for Carcinoma, 382 
Ulcer, 370, 371, 372, 373 
Associated with Tumor of Pancreas, 371 
Healing of, 371, 372 
Benign or malignant, 372, 373 
Volvulus, 379, 380 
Gastritis, Hypertrophic, 377, 378 
Atrophic, 377, 378 
Emphysematous, 377A 
Leosol (iron) poisoning, 377A 
Massive hemorrhage in, 377A 
Phlegmonous, 377A 
Post-irradiation, 377A 
Tuberculous, 377A 
Ulcerative, 377 
Gastro-Duodenal Invagination, 381 
Gastro- Esophageal Vestibule, 358 
Gastroenterostomy, 381 
Gastrointestinal Carcinoma, 372, 373 
Gastrointestinal Examination, 369 
Tract, 355, 369, 370 
Questions on, 418, 419 
Gastroptosis, 380 
Gaucher’s Disease—Xanthomatosis, 138, 139 
Geiger-Muller, counter, 521 
Geophagia, 418 
Geotrichum Candidum, fungus infec. mouth, 254 
Ghon’s Phenomena, 251 
Giant Follicular Lymphoma, 190 
Giant-Cell Tumor, 183, 186, 187 
Giant Rugae, 377 
Ginglymusoarthrodial Joint, 47 
Gland, Thymus, 283 
Glandular and Metabolic Disturbances, 121 
Glioma (Intracranial), 478, 479 
Gliomas of Optic Nerve, 477, 478 
Globular Cardiac enlargement, 345 
Glomus, 481-487 
Glomus Jugulare, 477 
Glycogen heart, 346 
Gold, au, 198, 518, 519 
Gonads, 121 
Gonorrheal Infections in Bone, 198 
“Gout,” Chalky, 93, 201 
Gouty Arthritis, 200 
Graham—Cole—Copher—Moore Test in Gall-Bladder 
Function, 429, 430 
Granuloma Inguinale, 117 
Granuloma of Lung, 271 
Graphite Pneumoconiosis, 260 
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“Greenstick” Fractures of Forearm, 11 
Great Vessels, 318 

Transposition of, 330, 331 
Growth Lines, 49 
Growth Prediction Curves, 60, 61 
Gumma Formation in Bone, 114 
Gun Shot Wound Chest, 272 
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Habitual Dislocation of Shoulder Joint, 171 
Haemosiderosis, 240 
Halo, Cardiac, 284 
Hamartoma, 270 
Hammon-Rich Fibrosis, 241, 247 
Hampton Maneuver in Bleeding Ulcer, 377B 
Hand and Wrist, Epiphysis of, 49, 50 
Supernumerary, Bones of, 172 
Hand Phalanges, Dislocations of, 41 
Fractures of, 7 
Hand-Schiiller-Christian’s Disease, 137, 138 
Hand, “Spade,” 122 
Hanging Cast, 16, 17 
Hawley-Scanlan Fracture Table and Orthopedic Table, 3 
Head of Pancreas, Carcinoma of, 387 
Heart, Angina Pectoris, 313 
Angiographic Exam., 318 
Anomalies, 318, 326 
Ante or View, 297 
Calcifications in, 313A 
Catheterization, 318 
Classification of congenital lesions of, 326 
Contractibility of, 313 
Congenital, 326-339 
Coronary Infarction, 311 
Cyanotic lesions of, 326 
Dextraversion, 326 
Enlargement, 302-310, 344 
Examination, Methods of, 297-300 
Form, 310 
Globular enlargement, 344 
Interauricular Septal Defect, 335 
Kymographic Examination of, 301 
Left Anterior Oblique View of, 299 
Measurements of, 303-310 
Mobility of, 313 
Muscle Defects, 346 
Normal, 297 
Orthodiography, 300, 302 
Outline of, 304 
Pathology of, 301-314 
Pericardial Defects, 346 
Pericarditis, acute, 315 
Plastic Reconstruction of, 301 
Position of, 300 
Right Anterior Oblique View of, 298 
Right Aortic Arch, 321 
Scanographic Exam., 301 
Size of, 301 
Teleroentgenographic Examination of, 300 
Topography of, 297 
Valves, Calcification of, 313, 313A 
Valvular Disease of, 303, 310, 311 
Heberden’s Nodes, 204 
Hematogeneous Origin, Acute Pyogenic Osteomyelitis c‘, 
Medullary or Deep Type, 99 
Hemangioma, 184, 400 
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Hematoma, Calcified-Myositis Ossificans-Calcium Deposits 
in Bursae, 70, 71 
of Lung, 271-273 
Perigastric, 382 
Subdural of Skull, 29 
Hematopoietic Arthritis, Constitutional, 145 
Hemihypertrophy; Hemiatrophy of Extremities, 170 
Hemivertebra, 164, 165 
Hemochromatosis, 434A 
Hemolytic Icterus, 145 
Hemolytic Anemia, 144 
Hemophilia, Joint Involvement, 146 
Hemomediastinum, 284 
Hemorrhage, Diapoedetic (Gastrointestinal Tract), 377B 
Pancreatitis, 388 
Perigastric, 382 
Hemorrhage, into Lung, 271, 273 
into Pleural Cavity, 272, 277 
into Thyroid, 283, 284 
Hemosiderosis, 240 
Hemothorax, 272 
Hepatoma, 190 
Hereditary Deforming Chondro Dysplasia, 126 
Hernia, Abdominal, 396 
Diaphragmatic, 362, 378, 379 
Femoral, 379, 396 
Gastric (Stomach), 378 
Hiatus, 378A, 378B 
Inguinal (Stomach), 379, 396 
Mesenteric, 397 
Obturator, 397 
Paraduodenal, 396 
Scrotal, 396 
Sigmoid, 397 
Ventral, 396 
Herniation of Nucleus Pulposus, 35, 491, 492 
Hiatus Hernia, 378, 378A 
High Blood Pressure, Renal Occlusion, 433 
Hilum, 228 
Hip, Congenital Dislocation of, 169 
Fractures of, 24, 25, 26 
Dislocation of, 46 
Coxa Magna, 68, 206 
Hip Joint, Epiphyses at the, 53 
Hirschsprung’s Disease (Megacolon), 410 
Histerosalpingography, 241 
Histiocytosis X, (see Eosinophilic granuloma), 242 
Histoplasmosis Infection, 251, 257 
History, Clinical, in Diagnosis, 79 
Hodges, Fred J. and Eyster, J. A. E. Slide Rule and Tables 
for Calculation of Size of Cardiac Shadow, 305 
Hodgkin’s Disease (Lymphoblastoma), 180, 190, 222, 374 
Hollow viscus, rupture, 370, 371 
“Honey-Combed” Lung, 266 
Hook Worm, 401 
Horse Shoe Kidney, 449, 451 
Humerus, Anatomical Neck of, Fracture of, 17 
Fracture of, 15, 16 
Fracture of Greater Tuberosity of the, 16 
Inner Epicondyle, Epiphyseal Separation, 50 
Surgical Neck of, Fracture of, 16 
Varus Deformity, 
Hurler-Pfaunder Syndrome, 139 
Hyaline Membrane Disease, 461 
Hydrocephalus, Enormous Distention of Ventricles (Intra- 
cranial), 155, 161, 485 
Hydronephrosis, 442, 443, 444 


Hydrosalpinx Detected by Intrauterine Injection of Iodized 
Oil, 500, 501 
Hydrothorax, 230, 231 
Hypaque, for gastro-int. exam. in children, 355, 370 
Hypercalcemia in Hyper Vit. D., 94 
Hyperextension, Injuries to Cervical Spine, 66 
Hypermotility, Intestinal, 391 
Hypernephroma Metas., 190 
Hyperostosis Cranii, Craniosclerosis (Leontiasis Ossea), 
132 
Hyperostosis Monomelic Flowing (Melorheostosis), 150 
Hyperparathyroidism, 129 
Hyperplastic, Sinusitis, 466 
Tuberculous Appendicitis, 404 
Hypersensitization, Drug, 249 
Hypersthenic Individual, 358 
Hypertension, arterial, 311 
Renal angiography, 311 
Aortography in, 311 
Hypertelorism, Ocular, 162 
Hypertension Arterial, 311 
Hyperthyroidism, 121, 474 
Hypertonic Stomach, 368 
Hypertrophic, Arthritis, 203 
Gastritis, 376 
Idiopathic Hypertrophic Osteoarthropathy, 207 
Pulmonary Osteoarthropathy, 207 
Spondylitis; Spondylitis Deformans (Bechterew’s 
Spondylitis), 202, 203 
Hypertrophy of Left Ventricle, 304 
Hypervitaminosis A and D, 93 
Hypogonadism, 121 
Hypoparathyroidism, 129 
Hyposthenic Habitus Type Individuals, 367 
Hypotonic Type Stomach, 367 
Hysterosalpingography, 500, 501 
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I-131 test for thyroid function, 522, 523 
“Ice-berg” Tumors, 375 
Icterus Hemolytic, 145 
Idiopathic Multiple Hemorrhage, Sarcoma, 376 
Idiopathic Osteopsathyrosis; Fragilitas Ossium; Periosteal 
Aplasia, (Osteogenesis Imperfecta), 123, 125 
Dilation of pulmonary artery, 328 
Neitis, Terminal—Regional Enteritis, 398 
Tleum and Jejunum, Anatomy of, 391 
Motility of, 391 
Polypi in, 395 
Paralysis, 393 
Spasticity, 393 
Meum, Fracture of Body or Wing of, 38 
Ileus, Meconium, 397 
Paralytic, 393 
Rotary, of Colon, 394, 395 
Spastic, 393, 394, 404, 405 
Iliac Horns, 169 
Immobilization of Diaphragm, 278, 279 
Imperforate Anus, 417 
Impression Fractures, 17 
Improvised Fracture Table, 3 
Increased Intracranial Pressure, 481, 481A 
Infantile Cortical Hyperostosis, 106, 476 
Infantile Kidney, 449 
Infantile Mastoid, 469 


Infantile Osteomyelitis, 102 
Infarct, Bone Marrow, 73 
Infarct, Coronary, 239 
Pulmonary, 240, 241 
Infection, Pyogenic, Bone Production or Bone Destruction 
in, 99 
Infections of, Bone, 97 
Condition of Cortex in, 101 
Invasions or Noninvasion in, 102 
Lung, 242-246, 256 
Urinary Tract, 446 
Infective Arthritis, 195, 197 
Influenza (La Grippe), 235 
Inguinal Hernias (Stomach), 379 
Injuries, to blood supply bone, 65, 66 
to Cervical Spine, 66 
to Kidney, 451 
to Lung, 271, 272, 273 
to Nerve Supply Bone, 68 
to Nucleus Pulposus (Schmorl’s Disease), 36 
Innominate Bone, Epiphyses of, 54 
Ossification Centers, 54 
Insufficiency, Fractures, 69 
Intensification, Fluoroscopic Image, 3, 4 
Interauricular Septal Defect, 335, 339 
Intercalary Bones, 202 
Interligamentous Cyst, 500, 501 
Interpediculate spaces, 489 
Intersigmoid Hernia, 397 
Interstitial Emphysema of Lung, 277 
Interstitial Fibrosis Lung, 253 
Interstitial Gastric Emphysema, 377 
Intertrochanteric Fracture of Femur, 24 
Interventr. Septal Defect, 336, 337, 338 
Intervertebral Disc, Normal Construction of, 35 
Injury to, 36 
Intestinal Emphysema, 397 
Intestinal Enema, 398, 399 
Intestinal, Hypermotility, 391 
Hypomotility, 391 
Obstruction, 391, 392, 393, 413, 414 
Parasites, 402, 403 
Intoxications, Mineral Poisons and Other, 155 
Intracardiac Calcifications, 313 
Intracranial, Calcification, 477, 478, 479 
Neoplasms, 479, 480 
Pathology, 477-480 
Pressure, Increased, 480 
Intralobar pulmonary sequestration, 325 
Intramedullary Splint, 24 
Intramural Esophageal Tumors, 360 
Intrapelvic Protrusion of Acetabulum, Otto Pelvis, 86 
Intrapericardial, 313 
Intrauterine, Amputations, 171 
Injection of Iodized Oil, 500, 501 
Intravenous Thorium Dioxide Injection in Liver and Spleen 
Exam., 495 
Intussusception, 413A, 413B 
of Gastrojejunostomy, 388A 
Invasion or Noninvasion in Diseases of Bone, 78 
Infections of Bone, 101 
Invagination, Gastro-duo., 381, 382 
Iodeikon, Oral Administration of in Gall-Bladder Examina- 
tion, 429, 430 
in Infants, 431 
Intravenous, 429 
Iodine (131), 518, 522, 525 
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Iodized Oil Injections 
into Lung, 237 
into Nasal Sinuses, 468 
Ioduron-B for Lung Injection, 237 
Irradiation Gastritis, 377 
Ischial Tuberosity Injury, 38 
Isotopes, radioactive, 517-526 
Diagnostic, 521 
Therapeutic, 517 
Ivalon Pack, in Tuberculous Collapse, 255 
Ivory Osteoma, 468, 480 
Ivory Vertebrae (Vertebrae Noire; Vertebrae Opaque), 134 


Jaagsieckte, 248 
Jaw, Dislocation of, 47 
Lumpy, 115, 116 
Tumors of, 193, 475 
Upper Fracture of, 30 
Jejunal Ulcer, 381 
Jejunum and Deum, Anatomy of, 391 
Motility of, 391 
Joint Involvement, Hemophilia, 145 
Joint, Tumors of, 208A 
Gas within, 72 
Jugular Bulb, 477 


Kaposis Disease, 376 
Kashin-Beck’s Disease, 157 
Kerley Lines, 239, 240 
Kerosene Intoxication, 249B 
Kidney, Abscess, 446 
Agenesis, 448 
Anomalies of, 449, 450, 451 
Calyceal Diverticulum, 443 
Carbuncle, 446 
Crossed Ectopia of Kidney, 449 
Diagnostic Puncture, 447A 
Fused Kidneys, 448 
Hemangioma of Kidney, 447A, 447B 
Hematuria, 448 
Horse Shoe, 448, 449 
Injuries to, 450, 451 
Malposition, 443, 444 
Necrotizing Papillitis, 448 
Papillary, tumors of, 447B 
Parenchymal Cortical Necrosis, 447B, 448 
Pedunculated Tumors of, 448, 449 
Pelvis and Ureter, Anomalies of, 449, 450, 451 
Bifurcated, 449, 451 
Dilatation of, 442, 443, 444 
Urography, 439 
Polycystic, 447B 
Ptosis, 444 
Pyogenic Abscess of, 446 
Solitary Cysts of, 447, 448 
Supernumerary, 449 
Tuberculosis, 446, 447 
Tumors of, 447, 448, 449 
Kienbéck-Preiser’s Disease, Traumatic Osteitis of the 
Carpal Bones, 65, 66 
Kirschner Wire, 24 


546, PRINCIPLES OF ROENTGEN INTERPRETATION 


“Kissing Sequestra,” 200 
Klippel- Feil Syndrome—Congenital Absence or Fusion of 
Cervical Spine, 165, 166 
Knee, Traumatic Calcification of Collateral Tibial Liga- 
ment of, Stieda’s Disease, 70 
Cartilages, 46 
Complete Transverse Fractures of, 22 
Condyles of Femur, Fractures of, 23 
Dislocations of, 46 
Epiphyses of the, 53 
Fracture of, 22, 23 
Plicka of, 73 
Stellate Fractures, 22 
Kohler’s Disease, of Tarsal Navicular, 85, 87 
Second Disease of Patella, 87 
Kummell’s Disease, Spondylitis Traumatica Tarda, 65, 66 
Kymographic Examination of Heart, 301 
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Lacework Type Bone Production, 77, 114 
Lacunae Skull (Luechenschaedel), 163 
La Grippe, 235 
Larynx, 233 
Laryngectomized, rehabilitation, 233 
Latent Bone Cyst, 183 
Lavema, 439 
Lead Poisoning, 155, 156 

from Bullet, 156 
Leather Bottle Stomach—Linitis Plastica, 374 
Leg, Bones of, Fracture, 21 
Leg Ulcer, 144 
Legg-Calve-Perthes’ Disease, 86 
Leontiasis Ossea (Hyperostosis Cranii Craniosclerosis), 

134, 135 

Leiomyoma, 400 

Stomach, 376 
Leptospirosis, 248 
Leprosy, 150 
Letterer-Siewe Disease, 138, 139 
Leukemia, 143 

Involvement of Sella, 480 
Leukocythemia, 143 
Leukosarcoma, 283 
Ligamentous Tear, 70 
Ligamentum Arteriosum, left, 323, 324 
Linitis Plastica— Leather Bottle Stomach, 374 
Lipiodol, in Antra, 468 

in Lung, 237, 500 

in Spine, 489, 490 
Lipohemoarthrosis, 85, 86 
Lipoid granulomatosis, 137, 138, 139 
Lipoid Pneumonitis, 249A, 249B 
Lipoma, Subperiosteal, 184, 400 
Lipomatosis, of Bone, 175 
Lipo Sarcoma, 181 
Liver and Spleen, Visualized by Intravenous Thorium Dioxide 

Injection, 495 

Liver Carcinoma, 495 

Detection by radioactive isotopes, 525 
Liver Regeneration, 434B, 434C 
Lobar Pneumonia, 242, 243, 244 
Lobectomy, 255, 256 
Localized Spastic Meus, 393, 394, 404, 405 
Loeffler’s Syndrome, 241 
Looser’s Zones, 132 
Lordosis Position, 276 


Lower Extremities, Supernumerary Bones, of, 172 
Luechenschaedel (Lacunae Skull), 163 
Lues (Syphilis), of Bone, 113, 114, 115 
Luetic Colitis, 412 
Lumbar Spine, Fracture of, 37 
Lumbar Vertebrae, Epiphyseal Lines of, 55 
Lumpy Jaw, 115 
Lung, Abscess, 249B 
Actinomycosis Infection of, 256 
Anatomy of, 228, 229 
Anomalies of, 229 
Anoxia, 230 
Bacterial Infection of, 242 
Benign Tumors, 269, 271 
Biopsy, 231 
Blast effect on, 273 
Blastomycosis Infection of, 256 
Barium sulph. on lungs, 238 
Broncho-Vascular Markings, 227, 228, 238 
Calcinosis, 260 
Calcifications, Alveoli, 259 
Coccidiomycosis, 256 
“Coin” lesions, lung, 269, 270, 271 
Cysts of, Congenital, 266 
Embolism and Infarct of, 240, 241 
Examination of, 226, 227 
Explosive effect on, 273 
Fibroma of, 269 
Fields, Microscopic Anatomy of, 228, 229 
Fissures of, 223, 224 
Fungus Infections of, 256, 257, 258 
Granuloma, 268 
Hemorrhage into Hematoma, 272, 273 
Infection, Chronic, from Sinusitis, 368 
Injuries to, 271, 272, 273 
Lobes, 223, 224 
Lymphatics, 228, 229 
Markings, 223 
Massive (Atelectatic) Collapse, 261 
Microscopic Anatomy, 228, 229 
Milking Action, 230 
Monilia Infection of, 256, 257 
Nocardosis, 256 
Operative Procedures, 188 
Pathology of, 233-284 
Pneumoconiosis, 258, 259, 260 
Primary Lobule, 228, 229 
Re-expansion, 231 
Respiratory Function, 230 
Roentgen Anatomy of, 223, 224, 237, 238 
Segments, 224-228 
Septa, 223, 224 
Solitary Nodule, Differential Diagnosis, 271 
Syphilis of, 247 
Topography of, 223 
Torula (Yeast) Infection of, 257 
Tuberculoma, 270 
Tumors, 267-272 
Benign, 269 
Vascularity in Congenital Heart Disease, 238, 239, 340, 341 
Luschka Joints, Arthritis, 266 
Lutembacher’s Syndrome, 336, 343 
Lymphatic Leukemia, Bone Changes in (Leukocytemia), 143 
Lymphatics, Lung, 228, 229 
Lymph Nodes, Calcified Mesenteric, 441 
Lymphoblastoma, Bone Changes in (Hodgkin’s Disease), 190 
Laryngeal, 233 
Lymphogranuloma venereum, 412 


Lymphoid Type Pneumonia, 246D 

Lymphoma, 190, 375 

Lymphosarcoma, 190, 375, 400 
of Stomach, 375 
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Macmillan Reduction Apparatus for Fracture Reduction, 
Using Kerschner Wires, 21 
Macrocephaly, Anomalies of Skull, 162 
Madelung’s Deformity (Radius Curve), 172, 173 
Maffucci’s Disease, 128 
Mandura Foot (Mycetoma), 116 
Maladie de Roger, 336 
Malfusion of Omental Layers, 411A 
Malignancy, Bone, Wm. H. Stewart, 191, 192 
Malignant Growths, Exploration of (Bone), 189 
Malignant Lesions, Duodenum, 387 
Malignant Lymphoma, 190 
Malleolus, Inner, Fracture of, 19 
Malum Coxae Senilis, 204 
Mandible, Condyle of, Dislocations of, 47 
Fracture of, 30 
Phosphorus Poisoning in, 155 
Tumors of, 475 
Mannikin for teaching for heart disease, 328 
Maple Barkspores, 258B 
Marble Bones, 135 
March Fracture (Pied Force), 69 
Marfan’s Syndrome, 172 
Marginal Ulcer of Stomach, 382 
Marie-Striimpell Disease (Spondylose Rhyzomelique), 202 
Marrow Sclerosis, 145 
Massive (Atelectatic) Collapse of Lung, 262 
Massive Hemorrhage, 377 
Massive Thrombosis of Pulmonary Arteries, 238, 239 
Mastoid, Anatomy of (Roentgen), 469 
Diploetic, 469 
Infantile, 469 
Mixed Cell, Normal, 469 
Roentgen Examination of, 469, 470, 471 
Mastoiditis, 470, 471 
Maxilla, Fracture of, 30 
Mayer’s Mastoid Position, 471, 472 
McMahon, Alphonse and Wm. Engelbach, Epiphyseal Tables, 
58, 59 
Measles, Pneumonia, 246D 
Meatus, Auditory, Roentgen Examination of, 470, 471 
Meckel’s Diverticulum, 399, 400, 413A 
Meconium [eus, 397, 398 
Meconium Peritonitis, 296, 298 
Mediastinal, Emphysema, 277, 284 
Cysts, 282, 283 
Granuloma, 280, 281 
Hematoma, 281 
Pleurisy, 275, 276 
Tumors, 281, 283 
Mediastinitis; Periesophageal Abscess, 279, 283, 284 
from Spinal osteo, 280 
Mediastinitis, Tuberculous, 280 
Medullary and Subperiosteal Sarcoma, 185 
Medullary Tumors, Benign, 182, 183 
Malignant, 282, 283 
Megacolon (Hirschsprung’s Disease), 410 
Megaduodenum, 387 
Megalocephaly, 161 
Melanoma, Bone Metastasis, 190 
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Meliodosis, 246 
Melorheostosis (Monomelic Flowing Hyperostosis), 150, 151 
Meningiomata (Intracranial), 193, 479, 480 
Meningocele, 468 
Meniscus Ganglia, 201 
Meniscus Sign in Gastric Ulcer (Carmen), 372, 373 
Menopausal Bleeding, 516 
Menopausal Osteoporosis, 121 
Mercury Embolism, 241 
Mesenteric Lymph Nodes, Calcified, 441 
Mesenteric Thrombosis, 394 
Metabolic and Glandular Disturbances, 119 
Metacarpal Bones, Fractures of, 7 
Metal Poisoning, 155 
Metallic Salts, Effect on Bones, 155 
Metaphyseal Dysplasia, 136, 137 
Metaphyseal Dysostosis, 137 
Metastatic Bone Tumors, 189, 190 
Metastatic Liver Tumors, detected by radioactive isotopes, 
525 
Metastatic Lung Tumors, 268, 287-292 
Metastatic Kidney Tumors, 194 
Metastatic Neuroblastome, 194 
Metastatic Malignant Lymphomata, 194 
Metatarsojuvenalis, Osteochondritis Deformans (Freiberg’s 
Infraction), 66 
Microcephaly— Anomalies of Skull, 161 
Microlithiasis, 258, 258A 
Microscopic Anatomy of Lung Fields, 228, 229 
Middle Lobe Syndrome, 236 
Miliary Lung Lesions, 254, 256-260 
Tuberculosis, 254 
Milk of Calcium Bile, 429 
Milk Drinker’s Syndrome, 70 
Milkman’s Syndrome, 70 
Miller-Abbott Tube, 396 
Millicurie, 509 
Millicurie-Destroyed, 508, 509 
Millicurie-Hour, 508, 509 
Milligram-Hour, 508, 509 
Mineral Oil Aspiration, 249, 250 
Mineral Poisons and Other Intoxications, 153, 154, 155 
Mitral Insufficiency (Heart), 311 
Mitral Stenosis,.311 
Mixed Cell, Normal Mastoid, 469 
Mobile Cecum (Inverted), 409, 410 
Monilia Infection of Lung, 256 
Monomelic Flowing Hyperostosis (Melorheostosis), 150 
Morquio-Brailsford’s Disease, 130 
Moulage Sign, 402 
Mucocele, 467 
Mucous Colitis, 413 
Multiple Diaphyseal Sclerosis (Engelmann’s Disease), 136 
Multiple, Myeloma, 187 
Polypi, 376, 400 
Spontaneous Fractures, 66 
Muscular Dystrophy, 74 
Mutilans, Arthritis, 203 
Mycetoma (Madura Foot), 116 
Mycosis, Lung, 255, 256, 257, 258 
Myelofibrosis and Sclerosis, 146 
Myelography, 489-493 
Air, 489, 490 
Opaque, 491-493 
Myeloid Sarcoma, 186 
Myeloma, Multiple, 187 
Myositis Ossificans—Calcified Hematoma, Calcified De- 
posits in, 70, 71 
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N 


Nailing fractures, 21, 23, 25, 26 
Nasal Sinuses, Accessory, 465, 466 
Iodized Oil Injections into, 468 
National Tuberculosis Assn., 223, 254 
Navicular, Fractures of (Foot), 18 
Navicular (Scaphoid), Fracture of, 8 
Navicular, Tarsal (Kohler’s Disease), Retardation of Osseus 
Development of, 85, 86 
Neck of Femur, Fractures of, 25 
Necrosis, Aseptic Bone, 66, 67, 85-89 
Bone Marrow, 73 
Cortical (Kidney), 449 
Subchondral—Osteochondritis of Spine, 88 
Neoplasms, Chemical finding in bone, 79 
Intracranial, 478, 479 
of Joint, 206, 207 
Neoplastic Arthritis, 206, 207 
Nephrogram, 445, 446 
Nerve Conditions Affecting Bone, 68, 147-152 
Eighth, Examination of, in Chamberlin-Towne or 
Stenver’s Position, 477 
Eighth, Tumor of, 477 
Impingement, 68, 208B 
Nervous Indigestion of Stomach, 380 
Neurinoma, Cranial, 481 
Neuroblastoma, 190 
Neurofibroma of Stomach, 375, 376, 400 
Neurofibromatosis, 151 
Neurogenic Bladder, 454 
Neurotrophic, Arthritis, 204, 205 
Disturbances, 149 
Nevi, Treatment of, 516 
Nieman-Pick’s Disease—Xanthomatosis, 139, 140 
Nitrites in Cardiospasm, 359 
Nocardosis, 256 
Nodule, Solitary in Lung, 270, 271, 272 
Multiple, 269 
Non-Cyanotic Congenital Heart, 327, 328, 329 
Non-Ossifying Fibroma, 183, 184 
Non-Ossifying Periosteal Fibrosarcoma, 188 
Non-Osteogenic Sarcoma, 183, 184 
Nonrotation of Colon, 409 
Nonsuppurative Osteomyelitis (Garre), 106, 183 
Nonunion in Fractures, 25, 26 
Normal Circulation, 317 
Normal Landmarks of Stomach, 368 
Notching Ribs in Neurofibromatosis, 151 
Nucleus Pulposus, Herniation, 35, 491, 492 
Nucleus Pulposus, Injuries to, (Schmorl’s Disease), 35, 36 
Injury to, 36 
Function of, 35, 36 
Herniation, 35, 491, 492 
Retropulsion back into Spinal Canal, 36 
Nutrient Vessels, Epiphyses, 85 
Extremities, 2 
Vertebrae, 108 
Nutritional Diseases, of Bone, 85 
of Small Intestine, 401 


O 


Obstruction, of Colon, 413, 414 

of Small Intestine, 391, 398 
Obstructive Emphysema, 264, 265 
Obturator Foramen, Fracture of, 37 


Ochronotic Arthritis, 205 
Ocular Hypertelorism, 162, 163 
Odema, Pulmonary, 240 
Odontoid Process, 
Agenesis of, 166 
Fracture of, 32 
Odontoma of Tooth, 475 
Oidium Coccidioides, 116 
Oil Injectinn into Cisterna Magna, 490 
Bronchi, 237 
Olecranon Process, Fracture of, 13 
Ollier’s Disease (Dyschondroplasia), 128 
Omental Layers, Malfusion of, 410 
Operative Procedures, for Bronchiectasis, 231 
for Lung Abscess, 250 
for Lung Tumor, 268, 269 
for Pulmonary Tuberculosis, 255, 256 
for Stomach, 382 
Optic Canals, 477 
Nerve, Gliomas of, 478 
Optimum Position of Foot, Reduction in, 20 
Oral Cholecystography, 430-431B 
Organic Lesions, Gastrointestinal Examination of, 369 
Orthodiography (Heart and Aorta), 300 
Orthopedic and Fracture Table, Bell, 4, Hawley-Scanlan, 3 
Orthotonic Stomach, 367 
Os Vesalianum, 52, 175 
Osgood Schlutter’s Disease—Epiphysitis of Tibial Tubercle, 
87 
Osseous Development of Tarsal Navicular Disturbance of 
(Kthler’s Disease), 85, 87 
Ossification Centers, of Carpal Bones, 52 
of Foot, 52 
of Innominate Bone, 54 
of Scapula, 51 
of Vertebrae, 55 
Ossifying Periosteal Sarcoma, 185 
Ossifying Sclerosing Sarcoma, 185 
Osteitis, 114 
Condensans Iii, 89 
Deformans (Paget’s Disease), 130, 132, 133, 134 
Fibrosa Cystica, 130, 131 
of Carpal Bones, Traumatic—Keinbéck’s Disease, 65 
Pubis, 104 
Pubis and Ischii, 457 
Radiation, 66 
Syphilitic, 114 
Osteoarthritis, 203 
Osteoarthropathy, Hypertrophic Pulmonary, 207 
Osteoblastic Carcinoma, 190 
Osteochondritis, 85 
Dissecans, 66 
of Acetabulum, 86 
of Calcaneous, 88 
of Femoral Head, 86 
of Rarer Locations, 88, 89 
of Second Center Patella, 87 
of Spine, 87, 88 
of Tarsal Navicular, 87 
of Tibial Epiphysis, 173, 174 
of Tibial Tubercle, 86, 87 
of Vertebra, 87, 88 
of Wing of Sacrum, 89 
Osteochondritis Deformans Metatarsojuvenalis (Freiberg’s 
Infraction), 67 
Osteochondroma, 181, 182 
Osteochondromatosis, 206 


Osteochondrosis 
Deformans Tibiae, 173, 174 
Juvenilis, 89 
Osteoclastic Carcinoma, 189, 190 
Osteoclastoma, 183 
Osteogenesis Imperfecta (Fracilitas Ossium; Idiopathic 
Osteopsathyrosis; Periosteal Aplasia), 124, 125 
Osteogenic Sarcoma, Primary, 185, 186 
Osteoidosteoma, 106, 181 
Osteolytic Sarcoma, 187 
Osteoma, 181 
Intracranial, 481 
Ivory, 468, 481 
of Tooth, 476 
Osteomalacia, 90, 91 
Osteomyelitis, 99-106 
Chronic, 105 
Direct Extension Type, 99, 103 
Expansion or Nonexpansion in, 101 
Hematogeneous Origin, Acute Pyogenic, 99 
Hemorrhagic; Nonsuppurating, Myeloid “Sarcoma,” 183 
Infantile, 102 
Medullary Type, Roentgenological Characteristics, 99 
Nonsuppurating, 106 
Point of Origin, 99 
Sequestrum Formation, 101 
Subperiosteal Type, 102 
Syphilitic, 114 
Variolosa, 103 
Osteopathia Hyperostotica (Sclerotisans), 136 
Osteopetrosis (Marble Bones), 135 
Osteopoecilia (Spotted Bones), 136 
Osteopoikilosis (Spotted Bones), 136, 137 
Osteoporosis, (Bone Atrophy), 2, 77, 78, 110 
Circumscripta, 133, 134 
Post Menopausal, 121 
Post Traumatic, 68 
Osteopsathyrosis, Idiopathic, 123 
Osteosclerosis, 133, 134 
Fluoride, 155 
Osteosis Cutis, 71 
Otto Pelvis, Intrapelvic Protrusion of Acetabulum, 86, 206 
Ovarian Carcinoma, 514, 515 
Oxycephaly, 162, 163 


Pp 


Pacchionian Bodies, Calcification in, 477 
Paget's Disease, Osteitis Deformans, 132, 133, 134 
Pain. insensitivity to, 172, 173 
Palate Bone and Maxilla, Fracture of, 30 
Palsy, Bulbar, 363 
Pancoast Tumor, 267B, 277, 278 
Pancreas, Aberrant, 387B 
Abscess, 388 
Annular, 387. 388B 
Carcinoma of, 387B, 433, 388 
Cyst of, 387B 
Cystic, 388B, 388 
Isotopes in diagnosis of dysfunction, 518, 522, 525 
Stones, 388B 
Tumor, Aberrant, 387 
Pancreatitis, 387, 388 
Panner's Disease, 52, 67 
Pantopaque for Myelography, 489 
Paraduodenal Hernia, 396 
Paraesophageal Hernia, 378, 378A, 378B 


INDEX 949 





Paraffinoma, 270 
Parallel Type Bone Production, 77 
Paralytic Ileus, 393, 394, 395 
Paralysis of Diaphragm, 279 
Parasitic Cysts, 270 
Parasites, Intestinal, 400, 401 
Parathyroid, 129, 130, 131 
Parenchyma Lung, 227, 228 
Parietal Foramina, Persistent Enlargement of, 164 
Paralytic Ileus, 393 
Parosteal Osteogenic Sarcoma, 186 
Passive Pulmonary Congestion, 238 
Patella (Knee), Fractures of, 22 
Bifid, 173 
Cubiti, 51, 172 
Patency of Fallopian Tubes, Iodized Oil Injection to Detect, 
500, 501 
Patency, Foramen Ovale, 331 
Patent Ductus (See Ductus Arteriosus), 318, 319 
Pathogenesis of Lung Disease, 229, 230 
Pathological Involvement and Roentgenological Findings 
in Bone Infections, 99 
Pathology, Esophageal, 284, 358, 360-363 
of Lungs, 238 
of Respiratory Organs, 233, 234, 238 
Patterson and Parker Charts, 59 
Pedunculated Tumors of Kidney, 448, 449 
Pelkan’s Sign, 92 
Pellegrini-Stieda’s Disease, 70, 71 
Pelvic, Deformity with Exstrophy of Bladder, 170 
Organs, 500 
Organs, Female, Examination of (Artificial Pneumo- 
peritoneal), 495 
Iodized Oil Injection to Detect Pathology of, 500, 501 
Pelvimetry, 502 
Pelvis, Anomalies of Bony, 169 
Epiphyses of, 54 
Fractures of, 38 
Penetration, Radium, 509 
Penicillin Therapy, 250, 251 
Peptic Ulcer, Duodenal, 385 
Esophagea!, 262 
Etiology, 37: , 372 
Gastric, 370 
Marginal, 381 
Perforated, 381 
Percutaneous Catheterization of Renal Artery, 458 
Periarteritis Nodosa, 249A 
Peribronchial Markings, 228 
Pericardial Calcification, 316 
Pericardial Celomic Cyst, 343, 345 
Pericardial Effusion, 315, 316 
Pericarditis, 315, 316 
Acute, 315 
Adhesive, 316 
Chronic Constrictive, 315, 316 
Pericardium, 315, 316, 346 
Periduodenal and Cholecystic Adhesions, 388 
Perigastric Hematoma, 382 
Perineal Operative Procedures, 457 
Perinephritic Abscess, 452 
Perineural Cyst, 492 
Periosteal, Aplasia, Fragilitas Ossium, 123, 124, 125 
Hypertrophic Pulmonary Osteoarthropathy, 207 
Reaction, 77, 97, 107, 108, 109 
Sarcoma, 185 
Periostitis, 77, 78, 111, 112, 113, 114 
Peripheral Vascular Diseases, aortography, arteriography, 
297, 314 
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Perirenal Insufflation (Emphysema), 457, 458, 495, 496 


Perisinus Abscess, 470, 471 
Peristalsis, 369 
Persistent Ductus Arteriosus, 318 
Peritoneal Exudation, 402A 
Peritonitis, Exudative, 401 
Mecomium, 296 
Pernicious Anemia, 144 
Perthes’ Disease, 86 
Pesplanovalgus, 175 
Petrous Apex, Suppuration of, 471 
Petrous Bone Destruction, 477 
Phalanges, Foot, Fractures of, 18 
Pharyngeal Lymphoid Tissue, 516 
Phleboliths, 71, 440, 441 
Phosphorus (P-32), 524 
Phosphorus Poisoning in Mandible, 155 
Photofluorography in Gastro-Int. Exam., 373 
Phrenicotomy, 255 
Physiology of Respiration, 230, 231 
Phytobezoar in Stomach, 377 
Pied Force-March Fracture, 69 
Pineal Gland, Calcified, 121, 478 
Pineal Gland Localization, 479 
Pituitary, Calcified Deposits in, 478, 479, 480 
Cysts about the, 478 
Diseases— Adenomata, 121, 122, 480 
Tumors of, 121, 122, 478, 479, 480 
Placenta Praevia, 454, 502 
Placentography by Angiography, 496, 502 
Plasmodial Infection Lung, 247 
Plastic Reconstruction of Heart, 301 
Platybasia, 164 
Pleura, 228, 273, 274, 276 
Roentgen Examination, 226, 227, 273 
Thickening of, 273, 274 
Tumors of, 277, 278 
Pleural Effusion, 273, 275, 276 
Localized, 275, 276 
with Pneumothorax, 274 
Pleurisy, Dry, 273 
Traumatic, 273, 274 
Pleuropericardial Adhesions, 316 
Plummer-Vinson Syndrome, 361-362 
Pneumatocele, 266 
Pneumatosis Cystoides Interstitialis, 398 
Pneumococcus Arthritis, 198 
Pneumoconiosis, 258B, 259, 260 
Pneumo-Cystography (Bladder), 453 
Pneumolysis, 255 
Pneumonia, Acute Caseous Tuberculosis, 252 
Aspiration, 249 
Broncho, 245 
Chronic Interstitial, 251 
Eosinophilic, 244 
Epidemic Influenza, 246 
Friedlander Bacillus, 245, 246 
Glandular, 246 
Lipoid, 249, 250 
Lobar, 243, 244 
Lymphoid Type, 243 
Measles, 246 
Rickettsial, 248 
Septic, 245 
Staphylococcus, 244, 245 
Traumatic, 273 
Tuberculous Chronic Interstitial, 254 
Tularemic, 246 


Varicellar, 248 
Virus, 247 
Pneumopericardium, 316 


Pneumoperitoneum, Artificial, Special Examination of Ab- 


dominal Organs by, 494, 495 
from Ruptured Hollow Viscus, 370, 371 
Pneumothorax, 230, 231, 273, 276, 280 


Bilateral Spontaneous Traumatic, 254, 273, 276 


Pleural Effusion with, 274, 275 
Pneumoperitoneum, Associated, 280 
Spontaneous, 276 
Traunmn tic, 273, 276, 277 

Point of Origin in Osteomyelitis, 99 


in Subperiosteal Type Osteomyelitis, 101, 102 


Points of Origin of Disease, 77 
Poisoning, Beryllium, 260 

Lead, 156 

Radium, 156 

Mineral and Other Intoxications, 156 
Polyarticular Rheumatism, Acute, 197 
Polycystic Kidney, 448 
Polycythemia, 242 
Polyostotic Fibrous Dysplasia, 131, 132 


Polypi, Multiple, in Meum, 398, 399, 400, 401 


Polyposis of Colon, 414, 415 
Multiple, of Stomach, 377 

Porencephalus, 485 

Portal Hypertension, 499, 500 

Portal Venography, 499, 500 

Post Cricoid Esophageal Web, 361 

Post-Irradiation Gastritis, 377A 
Urethral Rupture, 456 


Post-Traumatic Acute Bone Atrophy—Sudeck’s Atrophy, 68 


Pott’s Fracture, 19 


Pregnancy, Diagnosed Early by Intrauterine Opaque In- 


jections, 429, 430, 500, 501 
Gall Bladder Examination in, 429, 430 


Roentgen Diagnosis of fetal maturity, 495, 401, 502 


Death, 501 

Placentography, 501 
Preiser-Kienbick’s Disease, 65 
Preparation for x-ray examination, 439 
Presacral Air Injection, 457 
Presacral Pneumography, 495 
Prespondylolisthesis, 48A, 167 
Pressure, Increased Intracranial, 478, 479 
Primary Amyloid Tumor, 270 


Primary Carcinoma and Sarcoma of Lung, 267, 268, 269 


Primary Pulmonary Hypertension, 338 


Priodax for Gall Bladder Examination, 329, 330, 430 


Prostate, 454, 455 
Prostatic, Calculi, 455, 456 
Carcinoma, 456, 515 
Hypertrophy, 456 

Prostatitis, 456 


Protection against Excessive Radiation Exposure, 6, 522 


Pseudo Fractures, 132 
Pseudomembranous Enterocolitis, 402B 
Pseudotruncus Arteriosus, 334, 343 
Psiticosis, 246 

Psoas Muscle Shadow, 451, 452 

Psoas Abscess, 111 

Psoriasis, Arthritis Association with, 202 
Psychosis Barbae, 516 

Ptosis of Kidney, 443, 444, 445 

Pubis, Rami of, Fractures of, 38 
Pulmonary Artery, Dilatation, 325, 339 
Pulmonary Artery, 267, 341 


Pulmonary Sarcosis, 267 
Pulmonary Arterial Sclerosis, 241, 244 
Pulmonary Artery Thrombosis, 238, 239 
Pulmonary Vein Anomaly, 325 
Pulmonary Atresia, 332, 337, 338, 343 
Pulmonary Artery Association with Intralobar Pulmonary 
Sequestration, 325 
Pulmonary Congestion, Passive, 238, 239, 340, 341 
Alveolar Microlithiasis, 258, 258A 
Edema, 239 
Embolism, 241 
Emphysema, 264, 265, 266, 272, 276, 312 
Fibroma, 270 
Heart Curve in Diag. Congenital Lesions, 340, 342, 343 
Hemorrhage, 272, 273 
Hypertrophic Osteoarthropathy, 207 
Infarc, 240, 241 
Infection, changinc character of, 254 
Injuries, 272, 273 
Ischemia, 242 
Mycosis, 256, 257, 258 
Paragonimia, 515 
Pulmonary Sclerosis, 242 
Pulmonary Stenosis Associated with Transposition, 248, 
330 
Carcinoma in, 267 
Segments, 224-228 
Sequestration, 229 
Abnormal Pulmonary Artery Associated with, 326 
Tuberculosis, 251-256 
Valve Insufficiency, 312 
Pulmonic Stenosis, 312 
Auricular, 337 
Septal Defect, 332, 338, 343 
Punctate Epiphyseal Dysplasia, 137 
Purulent Mastoiditis, 470, 471 
Pyelitis, 447 
Pyelography, 440 
Retrograde, 440, 442 
Pyelolymphatic Backflow, 442 
Pyelonephritis, 446 
Pyelonephrosis, 443 
Pyelotubular Backflow, 442 
Pyelovenous Backflow (Kidney), 442 
Pyloric Hypertrophy, 375 
Pylorospasm, 380 
Pyogenic, Abscess of Kidney, 446 
Epiphysitis, Acute (Nontuberculous), 103 
Granuloma, Lung, 264 
Infection, Bone Production or Bone Destruction, in, 99 
Infective Arthritis, 197 
Pyogenic Infection, Kidney, Treatment of, 447 
Pyorrhea, 474 


“Q” Fever, 247 
Questions on, Arthritis, 208 
Biliary Tract, 434 
Blood Dyscrasias, 146 
Bone Analysis, 81 
Circulatory System, 347 
Congenital Anomalies and Anatomical Variations, 159 
Dislocations, 48B 
Epiphyseal Separations, 64 
Gastrointestinal Tract, 418, 419 
Glandular and Metabolic Disturbances, 140 
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Infections of Bone, 118 

Mineral Poisons and Other Intoxications, 157 
Nerve Conditions Affecting Bone, 152 
Nutritional Diseases of Bone, 95 

Other Effects of Trauma, 75 

Radiation Therapy, 526 

Respiratory System, 285, 286 

Special Examinations and Procedures, 502, 503 
Trauma, Other Effects of, 75 

Tumors of Bone, 194 

Urinary Tract, 459, 460 


R 


Radiating Type Bone Production, 77 
Radiation Reaction, 507-511 
Radiation Osteitis, 66 
Radiation Therapy Results, 508-511 
Radicularcysts, 475 
Radioactive isotopes, 517-526 
Diagnostic, 521 
Therapeutic, 517 
Radiology of Bones and Joints—Brailsford—Supernumerary 
Bones of Foot, 176 
Radium Active Deposit, 508, 509 
Radium, Biological Action, 509, 510, 511 
Radium, Emanation Plant, 508, 509 
Radium Osteitis, 66 
Radium Poisoning, 156 
Radium Therapy, 508, 509 
Radius and Thumb, Absence of, 171 
Radius Curvus (Madelung’s Defority), 41, 171 
Radius, Dislocation, 43 
Radon, 508, 509 
Radon Seeds, 508, 509 
Rami of Pubis, Fractures of, 38 
Rarer Forms of Epiphysitis, 89 
Raynaud’s Disease, 150 
Reaction, Types of Bodily, in Pulmonary Tuberculosis, 
252, 253 
Rectum, 417 
Foreign bodies in, 417 
Reduction, by Extension of Knee, 22 
Most successful of Semilunar Bone (Wrist Dislocation), 
42 
of Shaft of Femur, 23 
Redundant, Gastric Mucosa, 376 
Colon, 412, 413 
References on, 
Circulatory System, 349 
Respiratory System, 287 
Skeletal System, 209 
Regaud Method of Treatment, 510 
Regional Enteritis, Terminal Neitis, 398, 399 
Regional Nutritional Disturbance of Epiphysis, 85 
Renal, Agenesia, 448 
Calculus, 129 
Diagnosis, Aortography in, 458 
Dwarfism—Renal Rickets, 156, 157 
Function in Obstruction, 443, 444 
Papillary Necrosis, 448 
Pelvis—See Kidney Pelvis 
Rickets, 156, 157 
Resection, Gastric, 381, 382 
Respiration, Physiology of, 230 
Respiratory Bronchioles, 228, 229 
Infection, Acute, 234 
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Organs, Pathology of, 233 
Retardation of Osseus Development of Tarsal Navicular 
(Kthler’s Disease), 85, 87 
Reticuloendotheliosis, 137, 138 
Reticulum Cell Sarcoma, 188, 194 
Retrograde Urography of Urinary Tract, 439 
Retrocardiac Shadow, 361 
Retroperitoneal Pneumography, 496 
Reverse Spondylolysthesis, 48A 
Rheumatism, Acute Polyarticular, 197 
Rheumatoid Arthritis, 201, 202, 249 
Rhomboid Impression, 169 
Rhizomelique Spondylose; Spondylitis Ossificans Liga- 
mentosa (Marie-Striimpell Disease), 202 
Ribs, Cervical, 168 
Fractured, 272 
Notching, 151, 320 
Supernumerary, 168, 169 
Synostosis of, 169 
Rickets, foetal, infantile, late, 89, 90 
Rickets, Renal—Renal Dwarfism, 156, 157 
Rickets, Vitamin D—Resistant, 89, 90 
Right Aortic Arch, 320, 321, 323 
Right Subclavian Anomalies, 324 
Ring of First Vertebra, Fracture, 32 
Ringworm, Scalp, 516 
Roentgen Anatomy, of Accessory Nasal Sinuses, 465, 466 
of Chest, 223 
of Jaw and Teeth, 473 
of Lungs, 223 
of Mastoids, 469 
of Teeth and Jaw, 473 
Roentgen Examination, of Colon, 409 
of Diaphragm, 278 
of Gall Bladder, 427-432 
of Lung Fields, 223, 224 
of Pleura, 227, 228, 273, 274 
Roentgen Manifestation, of Pneumothorax, 276, 277, 278 
of Sequestrum Formation, 101 
Roentgen Dosage, 507, 508 
Roentgen Therapy Fractures, 69 
Roentgen Unit, 507 
Roentgenographic Evidence of Bone Disease, 77 
Roentgenological Characteristics, of Medullary Type Osteo- 
myelitis, 99 
of Tuberculous Dactylitis, 109, 110 
of Subperiosteal Osteomyelitis, 102 
Roentgenological and Pathological Findings in Bone In- 
fections, 99 
Root Cyst of Tooth, 475 
Rosary in Rickets and Scurvy, 90, 91 
Rotary Ileus of Intestine, 395 
Round Worm, 402, 402A 
Rubber Ball Skull, 123, 124, 125 
Rugar, 355, 360, 361, 409 
“r” Unit, 507 
Ruptured Urethra, 455, 456, 457 
Rupture of Bladder, 455 
Hollow Viscus, 370, 371 


S 


Sacculi Alveolares (Air Sacs), 228, 229 
Sacralization, 166 

Sacro-Tliac Joints, Dislocation of, 48A 
Sacro-Iliac Strain, 48A 

Sacrum, Epiphyses of, 54, 55 


Fracture of, 38 
Horizontal, 168 
Wing of, Epiphysitis of, 89 
Salmonella Infection, 258 
Sarcoid, Boeck’s 
Bone, 205 
Lung, 281 
Sarcoidosis of Gastrointestinal tract, 376 
of Mediastinal, 282 
of Pulmonary, 281 
Sarcoma, Medullary or Endosteal, 185, 186 
Myeloid, 187 
Sarcoma of Bone, 185 
Chondroblastic, 187 
Chondromyxo, 186 
Extraosseus, 188 
Osteolytic, 186 
Nonossifying Periosteal, 188 
Parosteal Osteogenic Sarcoma, 186 
Periosteal, 185 
Primary, Osteogenic, 185 
Sclerosing, 185 
Sinus, 467 
Slow-Growing Endosteal, 186 
Scalenus Anticus Muscle Syndrome, 68, 69 
Scalloping Deformity of the Diaphragm, 278 
Scanograph, in Cardiography, 301 
Scaphocephaly, (Scaphoid Skull), 162, 163 
Scaphoid-Astragalar Joint (Foot), Dislocation of, 45 
Scaphoid (Navicular), Fracture of, 8 
Cystic Degeneration of, 65 
Tuberosity, Fracture of, 8 
Scapula, Elevated, 170 
Fracture of, 17 
Ossification Centers of, 51 
Scattered Radiation, 507-510 
Scheuermann’s Disease, 88 
Schmorl]’s Disease, Injuries to Nucleus Pulposus, 36 
Schonlein-Henoch Syndrome, 402 
Schiller-Christian’s Syndrome—Xanthomatosis, 137, 138 
Schwannoma Stomach, 375 
Scintillation Counter for Isotopes, 521 
Scirrhous Carcinoma of Stomach, 373 
Sclerodactylia, 145 
Scleroderma, 249, 400, 413 
Sclerosing Sarcoma, 186 
Sclerotic Mastoid, 471 
Sclerosis, Pulmonary, 241, 242 
Tubular, 136 
Scoliosis, from Malformation of Vertebrae, 165 
Influence on Heart, 313 
Scurvy, Barlow’s Disease, 91, 92 
Secondary, Carcinoma of Bone, 189, 190 
Sarcoma of Bone, 189 
Tumors of Pleura, 277, 278 
Tumors of Lung, 267 
Secretions, Endocrine, 60 
Seeds, Radon, 508, 509 
Segments, Pulmonary, 224-228 
Sella Turcica, Destruction of by Tumors of Pituitary 
Gland, 122, 479, 480 
Semilunar Impression on Stomach, 368, 369 
Seminal Vesicles, 457 
Separation of Sutures, 480 
Atrial, 335, 336, 338 
Septal Defect, Aortic, 325, 343 
Septal Defect, Ventricular, 328, 336, 337 
Septic Pneumonia, 245, 246C 
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Septum Pallucidum, 484 
Sequestra, Kissing, 200 
Sequestrum, Definition of, 100, 101 
Formation, 100 
from Electrical Burns, 66 
Sesamoids, 173-175 
Sever’s Disease, 88 
Shafer, F. P. and M. A. Glasser, Skull and Brain 
Traumas, 29 
Shaft of Humerus, Fracture of, 16 
Shenton’s Line, 25 
Short Esophagus, 284 
Shoulder Dislocations, 43 
Epiphyses of (Joint), 51 
Fracture of, 16 
Greater Tuberosity of, Fracture of, 16 
Habitual Dislocation of, 171, 172 
Surgical Neck of, Fracture of, 16 
Shunt of Circulation, 327 
Sickle-Cell Anemia, 144, 145 
Siderosis, 260 
Sidopenia Microcytic Dysphagia, 362 
Sigmoid, Volvulus of, 416 
Silicosis, 258B, 259 
Simple Acute Colitis, 411 
Simple Cysts, Jaw, 475 
Sinding- Larsen’s Disease, 87 
Sinus, Carcinoma, 468 
Sinus of Valsalva, Aneurysm, 339 
Sinuses, Accessory Nasal, 465 
Nasal, Iodized Oil Injection into, 468 
Sphenoidal, 465, 466 
Tumors of, 467, 468 
Sinusitis, 466 
Chronic Lung Infection from, 468 
Hyperplastic, 466 
Skin Cancer, 511, 512 
Skiodan Viscus Solution, 455, 456 
Skull and Brain Traumas, M. A. Glasser and F. P. Shafer, 
29 
Skull, Anomalies of, 159, 161 
Acrania, 161 
Macrocephaly, 161 
Microcephaly, 162, 163 
Oxycephaly, 162, 163 
Fractures, Analysis of (Joint Stewart), 29 
Fractures, 27, 28, 29 
Angular, Depressed, 27 
Basal, 28 
Depressed, 27 
Diastatic, 28 
Flap, Depressed, 27 
Foramen Magnum, 28 
Frontal Sinus, 28 
Linear, 27 
Sequelae, 29 
Stellate, 27 
Trough, Depressed, 27 
Lucanae (Luechenschaedel), 163 
Suture Lines, 28 
Traumatic Cysts of, 29 
Tumors, 189, 190 
Slide Rule for Calculation of Size of Cardiac Shadow, 302 
Sliding Hiatus Hernia, 378 
Slipping of Femoral Epiphysis or Femoral Osteochon- 
dritis of Adolescence, 67, 68 
Small Intestine, 383, 385, 389 
Calculi, 402 


Carcinoid Malignancy, 400 
Diverticulum, 399 
Duodenum, 385 
Enema, 398 
Examination, 398 
Gangrene, 392 
Tleus, 393, 394, 395 
Jejunum and Ileum, 389-401 
Leiomyosarcoma, 400 
Local Spastic Ileus, 393 
Lymphangioma, 400 
Meckel’s Diverticulum, 399, 400, 413A 
Mesenteric Thrombosis, 394 
Nutritional, 400 
Obstruction, 391, 392, 393 
Paralytic Ileus, 393, 394 
Parasites, 402 
Polyps, 400 
Regional Enteritis, 398, 399, 404, 405 
Scleroderma, 399 
Tumors, 400, 401 
Volvulus, 394, 395 
Smith Fracture, 10, 41 
Smoke Screen Irritation, 234 
Soft Part Tumors, 193 
Solitary Bone Cyst, 182 
Solitary Cyst Kidney, 447A 
Solitary Fibrous Nodule, 267, 270, 271, 272 
Spade Hand, 122 
Spasm of Cecum, 404, 405 
of Duodenum, 388, 389 
Spastic Ileus, 393, 395, 404, 405 
Spasticity of Colon, 412 
Special Examinations and Procedures, 465 
Examination of Abdominal Organs by Artificial Pneumo- 
peritoneum, 494, 495 
Sphenoidal Sinuses, 465, 466, 467 
Spina Bifida, 164, 165 
Spina Ventosa Syphilitica, Syphilitic Dactylitis, 114 
Spina Ventosa Tuberculosa, Tuberculous Dactylitis, 
109, 110 
Disciluxation, 491 
Spinal Cord, Injuries, 32, 36, 66, 150 
Tumors, 149, 151, 490 
Spinal Epiphyses, Cervical, 55 
Spine, Anomalies of, 149, 151, 165 
Cervical, Congenital Absence or Fusion of, 164, 165 
Cervical, Dislocation of, 48 
Dorsal, Lumbar, Dislocation of, 48 
Fractures of, 32, 33, 34, 35, 36 
Hyperextension Injury, Cervical, 66 
Lipiodol in, 490 
Osteochondritis of (Subchondral Necrosis), 88 
Spirochetal Infections, 248 
Spleen, Traumatic Laceration, 382 
Spleno-(Lieno)-Portal Venography, 499A, 499C 
Splenic, Vein Injection, 490, 499A 
Calcification, 382 
Spondylarthritis, 102 
Spondylitis, Ankylosing, 202, 203 
Hypertrophic, Spondylitis Deformans (Bechterew’s 
Disease), 202, 203 
Ossificans Ligamentosa— Mari e-Striimpell’s, 202 
Traumatica Tarda (Kimmell’s Disease), 65, 66 
Spondylolisthesis, 35, 48, 167 
Spondylolisthesis Resulting from Congenital Absence of 
Articular Processes, 35, 48, 167, 168 


Spondylose Rhizomelique; Spondylitis Ossificans Liga- 
mentosa, 202, 203 
Spontaneous Idiopathic Symmetrical Fractures, 68 
Spontaneous Pneumothorax, 276 
Spotted Bone (Osteopoikilosis), 136 
Sprengel’s Deformity, Upper Extremities, Variations of, 171 
Sprue, 401 
Squamous Cell Epithelioma, 511 
Stab Wound Chest, 272, 273, 284 
Staging of Tumors, 514 
Stag-Horn Calculi, 441 
Standard Positions, 1 
Staphylococcus Infection in Bones, 99, 197 
Staphylococcus Pneumonia, 246 
Staples for Arrest of Epiphyseal Growth, 63 
Steatorrhea, 401, 402 
Steinman Pin, 24 
Stellate Fractures of Knee, 22 
Stellate Impression on Stomach, 368 
Stenosis, Aortic, 311 
Mitral, 311 
Stenver’s Position or Chamberlin-Towne, in 8th Nerve 
Tumors, 477, 479, 480 
Sterilization in Breast Carcinoma, 513 
Stewart, Wm. H., Bone Malignancy, Outline of, 191 
Stieda’s Disease, 70 
Stippled Epiphyses, 128 
Still’s Disease, 201 
Stomach, (See Gastric), 365, 382 
Anatomy, 367 
Benign Tumors of, 376 
Bezoar, 377, 378 
Carcinoma of, 372, 373, 374 
Cascade, 381 
Diapedetic hemorrhage, 377 
Diverticulum of, 378 
Foreign Bodies in, 377, 378 
Functional Lesions of, 380, 381 
Gastric Resection, 282 
Gastritis, 377 
Gastrointestinal Examination, 369, 370 
Giant Rugae, 377 
Hernias of, 378, 379 
Hodgkin’s Disease of, 374 
Hypertonic, 368 
Hypotonic, 367, 368 
Inguinal Hernia of, 379, 396 
Leather Bottle—Linitis Plastica, 374 
Leiomyoma, 376 
Lymphomata, 375 
Marginal Ulcer, 382 
Massive Hemorrhage from Gastro-intestinal Tract, 377A 
Meniscus Sign, 372, 373 
Motility of, 269 
Mucosal Prolapse, 382 
Nervous Indigestion, 380 
Neurofibromo of, 375-377 
Neuroses of, 380 
Normal Landmarks of, 368, 369 
Orthotonic, 367 
Perigastric Hematoma Injury to Liver or Spleen, 382 
Peristalsis, 369 
Phlegmonous Gastritis, 377A 
Phytobezoar in, 377 
Polyp, 377 
Ptosis of, 380 
Pyloric Hypertrophy, 375 
Redundant Mucosa, 377 
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Resection, 382 

Sarcoidosis of, 376 

Schwannoma, 376 

Scirrhus Carcinoma of, 373, 374 

Spasm, 379, 380, 382 

Stellate—Semilunar Impression, 373 

Submucosal Ulcers of, 370 

Syphilis of the, 375 

Thoracic, 379 

Traction Diverticulum, 371 

Trichobezoars in, 377, 378 

Tumors, Benign, of the, 375 

Types, relation to habitus, 367, 368 

Ulcer of, 370, 371, 372 

Volvulus of, 379, 380 
Stones, Bladder, 453 

Gall, 429, 430, 441 

Kidney, 441 

Prostatic, 454, 455 

Urethral, 454 

Ureteral, 441 
Stratigraphy in Myelography, 495 
Streptococcus Arthritis, 198 
Streptomycin Intuleremia, 247 
Streptothrix Actinomyces or Ray Fungus Infection, 115, 206 
Stress Coat Technique, 479 
Stricture, Benign, of Esophagus, 358 
Strontium (90), 521 
Stricture, Urethra, 457 
Stunting of Bone Growth, 172 
Subarachnoid Pathways, Encephalogram, 486 
Subcorocoid Dislocation of Shoulder Joint, 43 
Subchondral Necrosis, of Spine, Osteochondritis of Spine, 

87, 88, 89 

of Hip, 86 

Longbones, 85, 86 
Subclavian, Anomalous, 321, 322, 324 
Subcutaneous Emphysema, 234, 265, 271, 277, 284 
Subdiaphragmatic Abscess, 495 
Subdiaphragmatic Pathology, Pneumoperitoneum Examina- 

tion in, 494, 495 

Subdural Hematomas of Skull, 29 
Subglenoid Dislocation of Shoulder Joint, 43 
Submucosal Ulcers of Stomach, 370 
Subperiosteal Type of Osteomyelitis, 102 
Substernal Thyroid, 283, 284 
Sudeck’s Atrophy—Post-Traumatic Acute Bone Atrophy, 68 
Sulpha Drug, Sensitization, 256 

Therapy, 100, 250, 251 
Supernumerary Bones, of Upper Extremity, 172 

of Lower Extremity, 177 
Supernumerary Ribs, 168, 169 
Suppurating Osteomyelitis, 99 
Suppuration of Petrous Apex, 471 
Supracondyloid Fracture of Humerus, 14 
Surgery in Cardiac Conditions, 319 — 

in Coarctation, 321 

in Pulmonary Lesions, 251 

in Right Aortic Arch, 322 
Surgical Neck of Humerus, Fracture of, 16 
Sustentaculum Tali, Fractures of (Foot), 18 
Sutures, Metopic, 28 

Separation of, (Skull), 478, 479 
Sympathetic Neuroblastoma, 190 
Symphysis, Mandible, Fracture of, 30 
Symphysis Pubis, Fracture of, 38 
Synostosis of Ribs, 169 
Synovial Membrane, 201, 202, 206, 207 


Sarcoma, 206, 207 
Synovioma, 206, 207 
Synovitis, Villonodular, 206, 207 
Syphilitic, Arthritis, Acute, 115, 195, 197 

Aortitis, 314 

Congenital, 112, 113, 114 

Epiphysitis, 113 

Gumma, 114 

Osteitis, 114 

Osteomyelitis, 114, 115 

Periostitis (Dactylitis), 114 
Syphilis (Lues) of Bone, 112-115 

of Lung, 247 

of Stomach, 375 
Syringomyelia, 149, 205, 492 
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Tables, Epiphyseal Centers, 56, 58 
Engelbach-McMahon, 56, 58 
Table, Heart Size, 305, 309 
Talc Inhalation, 259 
Talipes Calcaneo Valgus, 175 
Talipes Equino Varus, 175 
Talo-Navicular Synostosis, 176 
Talus, Vertical, Congenital, 17 
Tarsal Bones of Foot, Fractures of, 18 
Tarsal Navicular (Kéhler’s Disease), 85, 87 
Teaching Mannikin for Heart (Brodeur), 338 
Teeth and Jaw, Roentgen Anatomy, 473 
Teeth, Caries of, 473 
Teeth, Eruption of, Anomalies of, 474 
Effect on Temperomandibular Joint, 474 
Telangiectatic Sarcoma, 185 
Telepaque, 430 
Teleroentgenographic Examination of Heart and Aorta, 
302, 303 
Temporomandibular Joint, Dislocation of, 47 
Influence of Teeth on, 474 
Tension Ball Cavities, 253 
Tenting of Diaphragm, 278 
Tentorium Cerebelli, Calcifications in, 477, 478 
Terminal Ieitis, 398, 399 
Termolite Talc, 259 
Testosterone in Breast Carcinoma, 513 
Tetraiodophenolphthalein (lodeikon) or Graham Test of 
Gall-Bladder Function, 429, 430 ; 
Tetralogy of Fallot, 326, 327, 328, 342, 343 
Theilin in Breast Carcinoma, 513 
Thickening of Pleura, 273 
Thiemann’s Disease, 115, 130 
Thinning of Areas in Cranial Bones, 164 
Thomas, S. F., 48A 
Thoracic Duct, 269 
Thoracic Stomach, 284, 362 
Thoracoplasty, 255 
Thorium Dioxide for Ventriculography, 485, 486 
Thorium Dioxide, Intravenous Injection in Liver and Spleen 
Examination, 495 
Thorium Dioxide in Uterosalpingography, 500-502 
Thorotrast Injection in Examination of Liver and Spleen, 
495 
Thrombosis of Bronchial Artery, 240, 241 
of Mesenteric Vessels, 394 
of. Pulmonary Arteries, 238, 239, 242 
Thymus Gland, 121, 282 
Thyroid function studies with I 131, 522, 523 
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Thryoid Gland, 121, 283 
Radioactive Iodine in Diagnosis, 518, 522, 525 
Thyroid, Substernal, 283 
Tibia, Fracture of Posterior Articular Surface of, 20 
Recurvatum, 175 
Upper, Fracture of, 21 
Vara., 174 
Tibial Condyle, Inner, Epiphysitis, 87 
Tibial Lateral Ligament Avulsion, 87 
Tibial Tubercle, Epiphysitis (Osgood-Schlatter’s), 86, 87 
Toes, Dislocation of, 45 
Tomography, (See Body Section Radiography) 
Tooth, Acute Abscess of, 473 
Apical Infection of, 473 
Chronic Abscess of, 473 
Normal, 473, 475 
Odontoma of, 476 
Osteoma of, 476 
Root Cyst, 475 
Tomography, 5, 6, 39 
Topography, of Heart and Aorta, 297 
of Lungs, 223 
Torsion, Traumatic, of Lung, 273 
Torula (Yeast) Infection of Lung, 257 
of Bone, 117 
Torus, Fracture, 1, 10 
Fracture of Forearm, 10 
Lingualis, 476 
Palatinus, 476 
Touraine-Dolente-Gole Syndrome, 127 
Towne Position, 477 
Toxoplasma, 248, 479 
Trabeculation, 183 
of Bladder, 454 
Trachea and Larynx, Tumors of, 233, 234, 235 
Trachea, Foreign Bodies in, 233, 234 
Tracheal Compression, 234, 284, 323 
Displacement of, 234 
Rupture of, 234 
Thickening, 235 
Tracheobronchial Nodes, Adenopathy of, 281 
Tracheography, 225, 234 
Traction Diverticula of Stomach, 371 
Transposition of Aorta, 310, 330, 331, 343 
Transverse Process Elongation, 167 
Trauma, Other Effects of, 65 
Traumatic, Arthritis, 200 
Bone Atrophy, 68 
Calcification of the Collateral Tibial Ligament of Knee, 
70 
Flat Foot, 18 
Osteitis of Carpal Bones, Kienbtck’s Disease, 65, 66 
Perigastric Hematoma, 382 
Pleurisy, 273, 275 
Pneumonia, 272 
Pneumothorax, 272, 276 
Rupture, Bronchus, 272 
Torsion of Lung, 273 
Tremolite Talc, 260 
Trephine Openings, 482, 483 
Trichobezoars in Stomach, 377A, 378 
Tricuspid Atresia, 328, 329, 343, 312 
Triticeous Cartilages of Larynx, 233 
Trophic Nerve Effect on Bone, 68, 147 
Tropical Bronchopneumontia, 244 
Trummer Zone, 91, 92 
Tubercle Bacilus of Myobacterum Group, 254 
Truncus Arteriosus, 333, 334, 343 
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Ectopic, 453 
Reflux, 453 
Urography of Urinary Tract, Retrograde, 440, 441, 453, 454 
Excretory, 440, 443, 445 
Uterus, Anomaly, 501 
Fibroid, 501 
Uterine, Fundus Carcinoma, 514 
Uterine-Intra, Opaque, Injection (Utero-Salpingography) as 
Diagnostic Procedure, 500, 501 
Uterine Mucosa, Colloidal Thorium Dioxide as Injection 
Medium to Outline, 500, 501 
Structure, Opaque Injection to Detect Pathology of, 
500, 501 
Uterosalpingography, 500, 501 
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Vacuum Spaces within, 72 
Vaginal Carcinoma, 515 
Vagotomy for Ulcer, 382 
Vagus, 382 
Valsalva Exercise, 270 
Valve Urethral, 453 
Valves, Heart, Calcification, 313A 
Valvular Disease of Heart, 310-313A 
“Vanishing Lung,” 265 
Variations, Anatomical, Dwight’s—Bogart, 173, 174 
Variations in Lower Extremities, Absence of Bones, 
Supernumerary Bones, 174 
Varicellar Pneumonitis, 247 
Varices, Esophageal, 361 
Varicose Ulcer Bone Changes in, 68, 185 
Vascular Rings, 322 
Vascularity of Lung Fields, 340 
Veins, Calcium Deposits in, 71 
Venography, 502 
Ventricle, Left, Hypertrophy of, 304 
Ventricular Dilatation, 481 
Ventricular Septal Defect, 328, 336, 337, 343 
Ventriculography, Air, 481-486 
Ventriculography, with radiopaque substance for, 485, 486 
Vertebra, Plana, 137, 138 
Biconcave, 35 
Vertebrae 
Coronal Cleft, 164 
Displacement, 48 
Epiphyses for, 55 
Fracture, 32, 33 
Hemivertebra, 164, 165 
Ivory (Vertebrae Noire; Vertebrae Opaque), 134 
Lumbar, Epiphyseal Lines of, 55 
Malformation of, 164, 165, 166, 167 
Ossification Centers of, 55 
Scoliosis from Malformation of, 165 
Supernumerary, 165, 166 
Tuberculosis of, 111 
Venous Sinuses of, 55 
Vertical Talus, 45 
Vesalianum (Supernumerary bone of foot), 52, 176 
Vessels, 55 


INDEX 07 


Villonodular Synovitis, 206, 207 
Vincent’s Angina of Lung, 250 
Virus Pneumonia, 246, 247 
Visualization of Bile Ducts by Opaque Injection, 432, 433 
Vitamin D-Resistant Rickets, 89, 90 
Vitaminosis A, 92, 93 
Volvulus, Colon, 415 
of Stomach, 379, 380 
of Sigmoid, 416 
of Terminal Meum, 394, 395 
Von Recklinghausen’s Disease, (of Bone), 129, 130, 131 
of Skin, 150, 151 
of Stomach, 375, 376 
Vulvar Carcinoma, 515 
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Wangenstein Apparatus, 395 

Wagon Wheel Fractures of Knee, 53 

Warts and Moles, on Skin of Back, confused with urinary 
stone, 441 

Warts, Therapy of, 515 

Water Balance, 230, 231 

Water Intoxication, 410 

Water Soluble Opaque Media, 237 

Web, Post-Cricoid of Esophagus, 361 

Wegener’s Granulomatosis, 249 

Werner’s Syndrome, 72 

Wimberger’s Sign, 91 

Wipple’s Disease, 402 

Worms, Intestinal, 400, 401 

Wrist and Hand, Epiphyses of, 49, 50 

Wrist, Fracture of, 9 

Wrist Joint, Dislocation of, 41, 42 


Xx 


Xanthoma, 201 

Xanthomatosis (Schiller-Christian’s Syndrome; Gaucher’s 
D Disease; Niemann-Pick’s Disease), 137, 138, 480 

X-prep, 439 

X-ray Exposure, Protection against Excessive, 6 

X-ray Plates for Bone Development—Engelbach-McMahon, 

Table ITI, 59 

X-ray Therapy Apparatus, 347 

X-ray Therapy Fractures, 69, 70 

X-ray Therapy for Arrest of Epiphyseal Growth, 63 

Xumbradil, 237 


Yaws, 115 


Z 


Zygomatic Arch, Fracture of, 30 
Zygomatic Cells, 469 











